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IN recent years, a number of vascular reactions in the arms and 
legs, hitherto of seemingly mysterious origin, have come to be 
understood. They are of several sorts. There are local constric- 
tions of large arteries and peripheral spasms in various parts of 
the vascular bed on one side or the other of the capillaries. With 
all these, pain is associated and with some of the more serious, 
ischemia. Cyanosis, edema and atrophy of the tissues are familiar 
features. 

Not all such states appear at first sight to be related to one 
another. For example, Volkmann’s contracture, as a complication 
of fractures near the elbow, would seem to have little in common 
with a painful femoral thrombophlebitis, and neither appears to 
be related to the causalgias, traumatic edemas and other complexes 
due to wounds of great nerves, and to such a variety of minor 
injuries as dog bites, fractures and blows. Yet all these and other 
disorders probably result from injury to or irritation of the tiny 
nerves which attend the blood-vessels. At least these tiny nerves 
appear to initiate not only local constrictive spasms but a variety 
of remarkable reflex disorders, and by supposing that many such 
vicious reflexes pass into the spinal cord and out again, involving 
in their course the sympathetic system, a number of disabling and 
previously unconquerable states have become at least understand- 
able and sometimes curable. In such a broad conception as this, 
one must not be ashamed of setting up an hypothesis which can 
hardly be proven, and of taking false steps at times, provided the 
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main line of thought is productive. Progress can be made and 
false steps retraced as they are noticed. That, I believe, has been 
the conception of that very fascinating and imaginative Frenchman, 
René Leriche,* who, more than anyone else, has preached the sig- 
nificance of what may be called the “ vascular nerves.’ These are 
loosely called sympathetic nerves, but all are not sympathetic in 
the strict sense, since some are sensory and, passing centrally, leave 
the blood-vessels to join the somatic nerves through which they 
enter the spinal cord. However, in that capacity which interests 
us here, they are linked with the sympathetic or out-flowing, vaso- 
motor system and may therefore be counted a part of that system. 
In fact, even though all are not vasomotor nerves, they are con- 
cerned with some very Common vasomotor reactions. 

I am going to begin by showing you how closely the vascular 
reactions of thrombophlebitis are related to the vascular reactions 
of various injuries. It isan old observation. for many years neglected, 
that thrombophlebitis of the lower limb, the inflammatory throm- 
bosis which has been called “milk leg” and which the laity simply 
dubs “ phlebitis,” is very rarely a cause of gangrene of the leg. 1 
remember running into an observation of this sort in the writings 
of Cruveilhier,? the great French surgeon-pathologist, who, in his 
day, made very valuable observations upon the vascular system. 
Before I became familiar with the subject, I supposed that such 
gangrene, in patients very sick with typhoid or pneumonia, was 
actually due to arterial embolism or to an unusual necrosis of 
bacterial origin, which is now no longer seen. Today, of course, it 
seems highly probable that it was consequent upon an extensive, 
spasmodic obliteration of the femoral artery. Many accounts have 
appeared during the last 5 or 6 vears, especially in the French 
literature,*>-°'° of violent arterial spasms of this sort, some of which 
have relaxed spontaneously while others have resulted in complete 
ischemia and gangrene. One account describes a surgical exploration 
of the femoral vessels which revealed an extensive thrombosis in 
the vein, beside which lay an insigniticant, tiny, contracted femoral 
artery. The operator, Grégoire,‘ punctured it with a fine needle to 
discover that there was still a faint arterial flow through the vessel, 
and secured momentary relaxation by an injection of procaine about 
the arterial wall. However, the artery soon relapsed into uncon- 
trollable spasm and the leg became gangrenous. I, myself, have 
observed in one instance a gangrenous affair of this sort, not proven 
by exploration but supported by clinical evidence, and in another 
case have been able to observe a patient in a very early stage of the 
arterial spasm, assure myself by a procaine block of the lumbar 
sympathetic that the peripheral vessels of the limb were capable of 
a normal vasodilatation and note, some hours later, complete 
relaxation of the artery associated with an excessive flow of blood 
into the whole leg. Evidently the contraction finally relaxed of 
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its own accord. I have belabored this point in order to show you 
that there is such a thing as a definite local spasm of a large artery, 
associated with thrombophlebitis in the companion vein. 

Presumably, in such instances, the cause of the spasm lies close 
to the artery, in the form of an inflammatory reaction involving 
the vasomotor nerves serving the walls of both vessels, a /ocal 
disorder.* For if the spasm resulted from a spinal reflex, touched 
off by irritation of the central-going sensory filaments serving both 
the artery and vein, the resulting reaction should not be local but 
generally distributed through the whole vascular system of the 
limb. I will return, later, to the generalized peripheral spasms which 
are associated with thrombophlebitis and which are clearly of reflex 
origin, but these are not in question here. 

A similar local arterial spasm occurs as a result of acute injuries 
involving the tissues close to the arterial wall. This became known, 
during the last World War, as arterial stupor, and there are excellent 
accounts describing the passage of a bullet close to the femoral 
artery, which in one instance (Kroh, 1915, 1917°7) was seen to 
have shrunk into a tiny needle-like structure, a cause of numbness, 
coldness and complete loss of power in the extremity. Spasm of 
this sort is capable of relaxing spontaneously but, if it does not 
relax, it may lead to a very serious situation because the collateral 
vessels, which may also have been thrown into spasm, are rarely 
able to take care of the peripheral circulation when the principal 
vessel is strongly contracted. Recently, it has been suggested 
that Volkmann’s contracture is an affair of this sort. A violent 
trauma to the region of the lower arm, elbow or forearm, particularly 
the sort which causes a supracondylar fracture, has often been 
followed by a contracture of the muscles of the forearm, making a 
claw of the hand and ending in incurable fibrosis of the muscles, 
nerves and blood-vessels. Though Volkmann himself finally regarded 
the contracture as ischemic, it has since been thought that the 
disorder is due to an acute passive hyperemia resulting from a 
tense blood clot in the region of the fracture, a serious situation, 
which is aggravated when the arm is placed in acute flexion or when 
splints are applied. It is much more likely, as I have said, that 
the condition is really one of arterial spasm. Griffiths’ strongly 
maintains this view, and a very interesting account of an explora- 
tion in an early case of supracondylar fracture was given some 
vears ago by Montgomery and Ireland.” Seeing the contracted 
vessel, not itself injured, lying in traumatized tissue, they refrained 
from further manipulation and were able to report that in the next 
few days the vessel gradually recovered from its spasm, so that some 
weeks later the fragments could properly be replaced. It is easy to 

* In this I differ, perhaps, from Ochsner and DeBakey'* who picture all vascular 


‘onstriction in the limb of thrombophlebitis as being reflex in nature. The differ- 
ence need not be taken too seriously. 
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believe that both the local vasospasms of thrombophlebitis and 
injury are due to the irritation of perivascular nerves, probably of 
the actual vasomotor, or sympathetic, sort. 

I now come to another kind of vasoconstriction which is also 
associated with both injury and thrombophlebitis. Although this 
sort is so little understood that both its mechanism and situation 
are not exactly known, it appears to be due to a reflex excited by 
a sensory stimulus, one which passes inwards, presumably into the 
cord, and out again, by way of sympathetic channels. For the most 
part, this constriction shows itself widely in the periphery of the 
involved limb. Its effects, in the form of pain, paresthesia, edema 
and cyanosis, may be observed in unexpected instances after blows 
and fractures, after bites by animals and infected wounds from 
thorns, to cite a few of many instances, a state which has been 
called “minor causalgia’’ because, although it resembles in some 
respects the serious variety described by Weir Mitchell," it is far 
less violent. A very similar disorder is occasionally associated with 
an inflammatory thrombophlebitis. The leg is left, after the acute 
stage of the disease, in a painful state of slight cyanosis, edema and 
paresthesia, identical for practical purposes with the causalgia-like 
condition so unpredictably brought on by trauma. A traumatic 
minor causalgia may be forced upon any limb but is most common 
in the arm, particularly in the hand, and is favorably influenced 
by blocking the sympathetic nerves to the part. One need only 
inject a few cubic centimeters of procaine into the region of the 
gangliated chain serving the arm or leg to abolish for the moment 
all signs of the disease, both subjective and objective. There are 
other ways of breaking into some part of the reflex arc, though 
repeated treatments may be required to effect a cure, and in some 
instances all methods fail. This is true alike for the postphlebitic 
and post-traumatic states. It is fairly clear that in postphlebitic 
minor causalgia the perivascular nerves of the iliac and femoral 
vessels are involved in an inflammatory reaction and that in the 
post-traumatic state, the nerves of the finer blood-vessels are irri- 
tated. Until some better hypothesis is offered, one must suppose 
that the sensory nerves serving the blood-vessels carry toward the 
spinal cord stimuli occasioning these reflex disturbances.* Figure 1 
shows how impulses may arise from the tiny fibers attendant upon 
the blood-vessels, including those of the great nerves. De Takats* 
has drawn one figure illustrating the course of reflexes from the 
joints as well. 


* There is a good deal of confusion as to the course of such reflexes. The afferent 
sensory neurons whose cells lie in the posterior root ganglia have branches serving 
the arterioles. Antidromic impulses (axon reflexes) from these neurons cause 
peripheral vasodilatation as exhibited in the familiar flush of painful injuries. But 
since cyanosis and edema, that is, signs of peripheral vasoconstriction, are associated 
with the states here described, it would seem that the reflex actually travels into the 
cord and touches off sympathetic activity. 
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So far, I have attempted to show that both large and small vessel 
Vasospasms may result from thrombophlebitis and from a great 
variety of injuries. I believe that now I should review some anatomic 
and physiologic considerations. All blood-vessels, of course, are in 
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Fic. 1.— Minor causalgia: Diagrammatic sketch showing the course of a reflex 
starting from the sensory filaments of the blood-vessels (right) and causing vaso- 
constriction in the arterioles (and venules?) of the fingers (left). In the forearm on 
the right, the size of the great nerves and vessels is exaggerated. Each heavy arrow 
points to a supposed region of injury, whence the sensory filaments of the blood- 
vessels start the unnatural reflex. A, Median nerve, showing the sensory filaments 
of its rich blood supply. B, Ulnar nerve and artery. Filaments from the ulnar artery 
pass to the ulnar nerve and so to the cord. A’, Outflowing reflex sympathetic vaso- 
constricting impulses in the median nerve of the same hand being distributed to the 
fine blood-vessels of the fingers. B’, The same impulses distributed through the 
ulnar nerve. Notice especially the smooth, slightly edematous fingers, without 
knuckle markings as contrasted with the normal thumb, a very common feature of 
minor causalgia. The radial and median distribution of sympathetic impulses might 
equally well be affected, leaving a normal ulnar field. 


a state of vasomotor tonus. All are in some degree elastic. All 
relax when vasoconstrictor impulses are removed, though whether 
there actually are true vasodilator nerves appears to be somewhat 
uncertain. And all, except the very largest arteries, are capable of 
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being contracted with a good deal of force when their sympathetic 
supply is irritated. Sympathetic stimulation, then, causes vaso- 
constriction, and sympathetic paralysis causes vasodilatation. These 
reactions, which are directed from centers in the hypothalamus, 
medulla and cord are brought about especially by cold and also by 
emotional excitement of various sorts. When there is a need for 
conserving heat, the peripheral vessels are caused to contract and 
the skin ceases to allow heat to escape. On the other hand, when 
heat must be dissipated, the superficial vessels dilate and various 
other cooling agencies are put to work. But vasomotor reflexes 
have vet other important effects. If a great artery to a limb is cut 
off, the branches of the arterial tree serving that limb tend to dilate, 
permitting a collateral circulation to become established. Unfor- 
tunately, this is not a very well protected reaction because if a 
great artery, instead of being divided, is injured or becomes throm- 
bosed or even is occupied by an embolus, the whole arterial tree, 
instead of dilating, contracts, so that a collateral circulation is 
greatly restricted. Apparently, this latter unfortunate reaction is a 
reflex one and can be overcome only by actually dividing the vessel 
or the structures immediately about it. Here again is evidence of 
impulses running centrally, which if unimpeded, call forth an out- 
going sympathetic stimulus which contracts the branches of the 
great vascular tree but whose interruption permits a corresponding 
vasodilatation. That this contraction is not due to a local irritation 
of outgoing sympathetic nerves is suggested by the known distribu- 
tion of sympathetic constrictor fibers to the arterial system of any 
limb. These constrictor fibers do not run for great distances along 
the vessels but reach them at successive levels. They emerge from 
the somatic nerves to be distributed to the arteries in a series of 
branchings, and in the end, the distribution to the peripheral parts 
corresponds roughly to that of the sensory nerves to the skin. If 
then, the sympathetic nerves supplying, for example, the femoral 
artery in the region of the groin, are stimulated, a vasoconstriction 
in the local area served by these nerves will occur, but the peripheral 
vessels will remain unconstricted since those are served by sympa- 
thetic fibers which have not yet passed out upon the arterial tree‘ 
from the great somatic nerves. In other words, local stimulation or 
paralysis of vasomotor fibers causes a relatively restricted, direct 
reaction. 

Not only are the outgoing vasoconstrictor nerves distributed to 
a succession of vascular fields, but as Moore and Singleton" have 
found, sensory fibers accompanying the arteries and veins of a limb 
leave these vessels somewhere—no one knows at what intervals 
to join the somatic nerves and pass within them to the posterior 
roots of the spinal cord. Very likely, these sensory nerves are 
associated in a great part of their course with the strictly sympathetic 
vasoconstrictor fibers, but they always end by entering the cord 
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through the posterior roots, just like any other sensory fibers. It 
results that irritation of the sensory filaments attendant upon a 
blood-vessel at any point is capable of sending into the central ner- 
vous system impulses which may result in a reflex disorder affecting 
the circulation in the whole limb. The extent of the reaction ap- 
pears to be uncertain and variable, but at least it tends to be general. 
‘There may even be a spill-over to the opposite limb. Thus, vou can 
readily see the difference between the effect of a local vasomotor 
stimulation and a local sensory stimulation. The former is local; 
the latter is more or less general. Probably the two sorts often 
occur simultaneously. Perhaps I can bring out these differences 
by citing details in some of the states I have so briefly described. 

Localized Arterial Spasm. ‘There may be included in this category 
the arterial spasm secondary to acute thrombophlebitis and to 
injuries such as fractures or wounds by missiles. But there are vet 
others: There is the spasm of the brachial artery related to the 
passage of the brachial plexus over the first or a cervical rib. There 
is acute arteritis, an inflammatory reaction of the arterial wall. 
And finally, there is a very remarkable state of spasm due to em- 
bolism. 

Arterial Spasm Acute Thrombophlebitis. Acute thrombo- 
phlebitis is the inflammatory sort which obstructs a large vein such 
as the femoral and its continuation, the external and common iliac. 
With this disease, there is often a very considerable exudative 
reaction about the wall of the vein and strangely enough, about 
the artery as well. It even seems as if there must be some common 
cause for the exudate about the 2 vessels, such as a lymphangitis. 
But in any case, whether or not a perivascular inflammatory reac- 
tion is present, the venous thrombosis is associated, in occasional, 
unpredictable instances, with localized arterial spasm (Fig. 2). A 
clinical sign of this is the pain experienced by the patient, a pain 
sometimes so severe as to be agonizing. An individual may even 
suddenly fall to the ground when attacked by the pain and the 
sudden shutting off of the arterial supply to the limb. As already 
explained, the spasm may relax spontaneously or it may continue 
and lead to an actual thrombosis and finally obliteration of the 
principal artery. Gangrene is extremely rare, but temporary loss 
of the peripheral pulsations is not very uncommon, and weakening 
of the pulse in the dorsalis pedis artery is of frequent occurrence. 

It is not my purpose to describe in detail the treatment of this 
condition. ‘A sympathetic paralysis, such as can be brought about 
by blocking with procaine the lumbar sympathetic chain, is unlikely 
to relax the really dangerous local spasms of the main artery. 
However, all methods of inducing relaxation should be employed, 
that is, procaine sympathetic block, the application of heat to the 
body and groin, and possibly the vasodilating drugs. In less serious 
cases, a diffuse peripheral vasospasm—of the arterioles, venules or 
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both combined—overshadows such gross spasm of the great artery 
as may be present. It will soon be described, and I only speak of 
it here to offer you a better picture of the leg in femero-iliac thrombo- 
phlebitis. A moderate degree of spasm in the great vessel, often 
associated with this peripheral vasospasm, is probably relaxable by 
a sympathetic procaine block. 
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Fic. 2.—The thrombosed femoral vein (heavy black) beside which is a constricted 
femoral artery. The distribution of the fine sensory and vasomotor nerves lying 
upon both vessels is intended to suggest that irritation of the venous group may be 
communicated to the arterial probably directly. Local irritation of the vein’s wall 
causes a local spasm of the artery. 


Arterial Spasm Due to Fractures and Wounds by Missiles. 1 have 
no personal experience with this type. Probably all arteries smaller 
than the common iliac are susceptible to this accident, which has 
perhaps most often been reported as occurring in the femoral. 
Apparently there is no essential difference between spasmodic 
closure due to the near passage of a bullet and that due to a small 
hematoma in or about the arterial wall or pressure by a fragment of 
bone, as in Volkmann’s contracture. An analysis of that disorder 
shows that hemorrhage into the tissues is seldom excessive, nor need 
splints or a plaster cast have been applied. In fact, acute passive 
hyperemia does not seem to be a factor. Clinical observations show 
that pallor of the skin and weakening of the radial pulse, rather 
than venous hyperemia, usher in the disease, which is not to say 
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that local pressure about the fracture may not contribute to the 
circulatory failure in some cases. The necrosis of muscle which so 
rapidly leads to the fibrosed, clawlike arm of Volkmann’s paralysis 
comes on very rapidly; release of pressure by removal of dressings 
and extension at the elbow influence it very little and exploratory 
incision has many times revealed arterial spasm. This spasm much 
resembles that of arterial embolism, for constriction of the collateral 
vessels is associated with it. And consistent with Leriche’s* observa- 
tions that resection of a contracted obstructed artery is the best 
way to open up the collateral circulation of the ischemic limb, 
arterial resection has proved curative more often than any other 
procedure. 

The Scalenus Syndrome and Spasm of the Brachial Artery. \rrita- 
tion of the subclavian artery or the lower cord of the brachial plexus 
by the first or a cervical rib have come to be known as the scalenus 
syndrome. The observations of Adson and Coffey! and of Naffziger! 
have suggested that the vessel and plexus, one or both, may become 
compressed between the rib and the scalenus anticus muscle. When 
circulatory symptoms predominate, the subclavian is very rarely 
thrown into spasm. It is more apt to be dilated, the actual spasm 
being beyond in the brachial artery which may in time become 
thrombosed and fully obstructed, giving rise to a cold, numb hand. 
A very ingenious explanation of this brachial spasm is offered by 
Telford and Stopford,”! who suggest, on the basis of Todd’s anatomi- 
cal observations, that vasoconstrictor fibers destined for the brachial 
artery may be irritated in the lowest cord of the brachial plexus by 
rubbing of the first rib against the nerve. Such an hypothesis is 
consistent with clinical experience and has seemed to me to derive 
support from a rather dramatic event a few years ago upon the 
baseball field. 

An ageing pitcher made a difficult, hurried throw in a strained position 
from near third base to first. In a few minutes his arm “went numb.” It 
was then discovered that though a good axillary pulse was present, the 
brachial pulse was obliterated and I believe has remained so. A fair col- 
lateral circulation must since have developed, however, as the athlete con- 
tinued during the following year to pitch with fair success. May this not 
be the acute form of such a sympathetic irritation? 


Arterial Embolism, irrespective of the obstruction caused by the 
embolus itself, calls forth a high degree of arterial spasm. That this 
spasm involves the whole arterial tree beyond the obstruction is 
now recognized, and that such widespread spasm is the cause of 
excruciating pain is highly probable, as the following incident shows: 

A middle-aged man suffered a sudden pain in his left arm. At the same 
moment, a pulsating lump appeared above the left clavicle. Before the 
significance of this association was realized, the lump disappeared and a 
long tender thickening replaced the left radial artery, which ceased to 


pulsate. At once the fingers took on a rather cadaveric color, especially 
the little and ring fingers, which became flexed upon the palm. Pain was 
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agonizing. The patient guarded the fingers from the lightest touch. Any 
attempt to extend them was bitterly opposed. The contracture actually 
resembled that of Volkmann. No cause for embolism being known, a 
diagnosis of ‘arteritis’? was made and the radial artery was explored under 
procaine. For a distance of some inches, it was greatly thickened and 
appeared inflamed. Accordingly, the abnormal portion (then discovered 
to contain a long embolus) was excised; whereupon the patient was at once 
dramatically relieved. Not only did all pain disappear but the fingers 
could now be moved and freely handled. Warmth and color improved. Of 
course, the explanation is that an embolus, of cardiac origin, had entered 
the subclavian where it caught for some hours and then passed on to become 
jammed into the radial, exciting a violent spasm in that vessel and its 
branches. 

A similar relief may be observed when an embolus is removed 
from a great artery such as the femoral. Evidently, irritation of the 
arterial wall by the sudden distention of the impacted embolus calls 
forth the useless, violent, painful local and general reflex vasospasm 
in the affected limb. 

Arteritis. Since this rare condition is sometimes regarded as of 
traumatic origin, I will say a word about it here, though there are 
good reasons for holding it to be a result of infection. Periarteritis 
nodosa, that strange and fatal disease, offers one form. Thrombo- 
angiitis obliterans offers another. As to the latter, there is no 
knowing whether thrombosis precedes the granulomatous lesion 
in the arteries and veins or the granulomatous lesion precedes the 
thrombosis. In either case; something goes wrong with the wall of 
the blood-vessel. There is beginning to appear evidence that the 
fungus infection of the feet play a part in the disease and that 
tobacco is a contributing feature. Trauma often touches it off. 
Perhaps an allergic factor is of importance. 

Other forms of arteritis are associated with acute infections. One 
of the most specific is arteritis of the temporal artery. The temporal 
vessels become inflamed and tender. Headache is severe and signs 
of a general infection of a subacute, even recurring sort, are evident. 
The local lesion is reminiscent of thrombo-angiitis obliterans. Pos- 
sibly the arterial wall reacts in a similar way to a variety of harmful 
influences. 

Vasoconstriction of the Small Blood-vessels: Minor Causalgia. Of 
all the vascular disorders this is the most baffling and the most 
fascinating, for it is related to pains and disabilities which cause 
great suffering and economic loss, which tend to become fixed upon 
individuals otherwise well and which, at the same time, depend 
upon reflexes of a most unstable sort. The exciting injury often 
seems too trifling to have caused so much trouble, and the relief 
of the condition is sometimes absurdly simple, sometimes irritatingly 
difficult. The whole matter is concerned with the mechanism of 
pain. Sensory stimuli are so influenced at their source that they 
become painful, a matter with which the peripheral circulation is 
somehow concerned. I have used the term “minor causalgia”’ for 
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the svmptom-complex here discussed. Actually the pain is not the 
burning pain of Weir Mitchell, but since the term “causalgia’’ has 
come to mean a serious functional disorder associated with injuries 
to nerves, it may perhaps be applied to a similar though minor ail- 
ment. 

This is not the place to discuss the nature and mechanism of Weir 
Mitchell's causalgia, which results from partial injuries of the great 
nerves of the limbs. It would appear to be a gross distortion of the 
normal reaction to a painful injury, but whether it results from an 
unnatural accumulation of Sir Thomas Lewis’ hypothetical H-sub- 
stance and a consequent wide sensitization of his nocifensor nerves 
or, as Leriche® maintains, it is merely the “spontaneous creation 
of a particular variety of vasomotor temperament, which we cannot 
even yet distinguish,” is impossible to say. In any case, there is a 
peripheral vasodilatation in the major form of causalgia by contrast 
with the obvious diffuse vasoconstriction of the minor disease with 
which I am familiar and which alone is under discussion here. 
Instances of what I hold to be minor causalgia are the following: 


A. M., a stout, unmarried woman of 20, was first seen 10 months after 
an injury to the right hand. The base of the thumb, in the region of the 
thick adductor muscles, had been pinched from front to back in a piece 
of heavy machinery. Neither skin nor any bone was broken. Soon the 
patient developed a very sensitive spot— “trigger point”’—on the back of 
the hand where the pinch had occurred and at the same time the surround- 
ing region upon the thumb and forefinger became “numb.” The patient 
was unable to make a fist, partly owing to pain occasioned by any move- 
ment and partly owing to a peculiar sort of stiffness common to these cases. 
She had several times gone back to work, handling light machinery, but 
each time had had to give up. There was some spontaneous pain which 
the patient confused with the pain of attempted use of the thumb and hand. 

There was present an area of numbness to pin-prick confined to the 
back of the thumb and adjacent hand and a small area of hyperesthesia to 
light touch between the base of the thumb and forefinger. Deep pressure 
here was intolerable. Infiltration of this sensitive region with procaine 
solution gave considerable relief, which, however, hardly lasted overnight. 

A paravertebral procaine sympathetic block for the arm at once restored 
the hand to normal. The numbness and sensitiveness disappeared. One 
could handle the thumb vigorously and the girl could make a tight fist 
for the first time in 10 months. The relief lasted only 48 hours but suc- 
cessive blocks lengthened the free intervals. Six injections were given in 
the next 5 weeks. Then, after a 3 months’ period of freedom, there was a 
partial recurrence. One more procaine block took care of this, since when, 
for over a year, the patient has remained well, though she is probably 
incapable of strenuous work. 

E. J., a married woman, 44 years of age. About 2 years before I saw her, 
some splinters of wood had entered her left little finger. Infection followed and 
an operation toestablish drainage resulted ina sinus. The2terminal phalanges 
and, subsequently, the proximal one, were successively removed without 
securing healing. About this time, pain became serious. The ulnar side of 
the hand, particularly the amputation stump and the region of a sinus 
above it, turned a deep lilae color. The skin of this area appeared macerated 
and gave off the characteristic odor of dead tissue. Here there was moderate 
hypersensitiveness, but higher up, the palmar surface of the forearm was 
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dull to pin-prick. The remaining fingers were a little bluish but the change 
was mainly in the ulnar field. The patient was becoming a morphine addict. 
She was emotionally unstable, cried over trifles and was nearly unmanage- 
able. 

Two sympathetic block showed that pain could be relieved and the 
cyanosis greatly improved. But though pain was now controllable and 
further improvement seemed certain, an ulnar periarterial sympathectomy 
was thought to offer a more rapid cure, especially since the lesion was so 
nearly confined to the ulnar field. The effect of the operation was dramatic. 
Pain was permanently abolished; the cyanotic color disappeared from all 
but a small area about the sinus, and within 6 months the patient had 
voluntarily returned to work. The sinus did not actually heal, however, for 
almost a year. 

Here, of course, is a much more serious disorder than the pinch 
at the base of the thumb. Successive operations, performed without 
appreciation of the peculiar local reaction, fixed the causalgia more 
firmly with each procedure. The general effect upon the patient’s 
morale was more like that of a major causalgia. <A fascinating 
feature was the immediate and permanent relief of pain by a peri- 
vascular neurectomy — presumably of sensory nerves. 

I could describe many similar cases with variations. All have a 
family resemblance. There is always an area of paresthesia which 
usually occupies the back of the hand and often shows a roughly 
anatomical distribution. For example, it may be confined principally 
to an area served by the ulnar and median nerves (Fig. 1). There 
may or may not be a sensitive “trigger point.’’ There is usually 
some slight cyanosis and enough edema nearly to obliterate the 
wrinkles on the knuckles. The grip is weakened. Atrophy of bone 
(Sudeck’s atrophy) is often discovered by recourse to the Roentgen 
ray but is not essential to the diagnosis. The most characteristic 
features are the pain, the relative insensibility to pin-prick, the 
cyanosis and slight edema, and a feeling of stiffness in the fingers 
and wrist. If these features can be abolished at once, 7. e., in a few 
moments, by a successful procaine block of the sympathetic supply 
to the limb, the diagnosis is fully established. The patients are 
usually delighted and surprised by the effect, with which the 
imagination has nothing to do. One may predict failure without 
altering the completeness of relief. 

One can never fail to be struck by the persistence of relief for 
hours, days, weeks or life, after a block with 1% procaine which 
can maintain a sympathetic paralysis for no more than 15 minutes 
to an hour. Even more remarkable is the relief by local infiltration 
of the sensitive area which is so often present. I, myself, have had 
a little experience with this method of treatment, but Livingston, 
who has made an intense study of the subject, has cured many 
patients by local injections of procaine into the trigger point or 
about the sensory nerve serving the sensitive area. He has also 
successfully excised the scar when a pain complex has arisen fol- 
lowing the healing of a wound. To this brief account I ought to 
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add that only when, as very rarely happens, a sympathetic block 
fails to give a complete temporary relief should one suspect an 
hysterical element in the problem. I have seen | or 2 patients in 
whom the edema and cyanosis cleared up in a typical way, but the 
‘“numbness”’ amounted to complete insensibility to pin-prick and 
was uninfluenced by anything I could do. 

It only remains to connect the peripheral diffuse vasospasm of 
thrombophlebitis and the painful causalgia-like states which some- 
times follow it with the post-traumatic painful complexes just 
described. In the acute phase of a femoro-iliac thrombophlebitis, 
the whole leg, as already related, is painful, pale, edematous and 
often faintly cyanotic. A sympathetic lumbar paralysis clears up 
the pain and rapidly diminishes cyanosis and edema. A similar, 
though less rapid and complete effect, follows separation of the 
inflamed vein from the structures about it. In the first case, sympa- 
thetic block releases the peripheral vasospasm. In the second, the 
in-going sensory impulses which reflexly excite the smpathetic 
vasospasm are believed to be modified. In either case, the favorable 
effect lasts longer than the temporary character of the procedure 
warrants, as if a vicious reflex, once interrupted, was slow to return. 

It is obvious that venous obstruction alone might well and un- 
doubtedly does cause edema and cyanosis. Lymph flow is also 
reduced. However, such influences are not up for discussion here, 
but rather a peripheral vasoconstriction capable of being released 
by sympathetic paralysis (Fig. 3). Ochsner and DeBakey hold that 
the reflex spasm affects both venules and arterioles, that anoxia of 
the capillary endothelium occurs, increasing capillary permeability, 
and so an excess of fluid passes from vessels to tissues whence various 
factors oppose its removal. 

The chronic, painful, postphlebitic states are practically identical 
with post-traumatic lower-limb causalgias. They have definite 
earmarks. Pain is excited by long standing or exercise. It varies 
greatly in character. Edema and cyanosis are always present in 
some degree. The lower leg is paresthetic. Pin-prick is usually 
dull, rarely overpainful and pressure on the muscles as by a blood 
pressure cuff is very unpleasant (Weir Mitchell noticed this tender- 
ness of muscle in some of his causalgias). The arterial oscillations 
are usually diminished. The essential identity of the postphlebitic 
with the post-traumatic complex is borne out by their reaction to 
treatment. Both are dramatically relieved by a sympathetic pro- 
caine block. One such block may cure and several injections of 
procaine at increasing intervals often do so. The postphlebitic 
complex can be broken up also by interrupting the sensory impulses 
upon the inflamed vein; the post-traumatic disorder, at the “ trigger 
point,”’ upon the attendant blood-vessels and in the somatic nerve. 

The unsolved problem in both the traumatic and_phlebitic 
varieties is, of course, the nature of the pain. Leriche,** holds that 
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the sympathetic supply to the painful part usually modifies and 
often relieves pain. Sir Thomas Lewis," on the other hand, maintains 
that there are in the skin widely arborizing sensory neurons of a 
special sort—nocifensors. These have their bodies in the posterior 
root ganglia. Through axon reflexes in these neurons, alterations 
occur in the skin and a hypothetical H-substance is formed which 


remoral arter 


Fic. 3.—From the thrombosed femoral vein irritation is communicated through 
its sensory filaments, via a somatic nerve and posterior root ganglion, to sympathetic 
elements in the cord, whence outflowing sympathetic vasoconstricting impulses 
cause constriction of the arterioles (and venules?) close to the capillary bed in the 
corresponding extremity. At the same time local constriction of the femoral artery 
occurs. 


reduces the threshold of pain in the sensory nerves. All this takes 
place, he believes, without the mediation of the sympathetic system. 
Livingston” takes the attitude that sympathetic responses occur 
in the form of vasospasm in vessels both large and small, as a reac- 
tion to a great variety of peripheral injuries; and that sympathetic 
paralysis profoundly modifies these responses and the pains which 
go with them—the sort of relief I have been discussing here. He 
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concludes that: “It seems probable that the injury to certain 
tissues starts a cumulative process which is not confined to a single 
nerve distribution and which tends to spread to involve the spinal 
cord in diffuse reflex phenomena in which the sympathetic nerves 
are prominently affected.” 

Comment. I have strayed from my subject of traumatic vaso- 
motor spasm into the difficult question of the pain mechanism, but 


actually the two problems cannot be separated. In the case_gf a 
gross local arterial spasm, pain is necessarily a feature. Tt appears 
with the spasm and disappears with its relief. A reflex starting from 
the irritated vessel and leading, by way of sympathetic neurons, to 
a widespread spasm of collaterals, is usually evident as a secondary 
effect leading to a serious ischemia. With the diffuse and milder 
peripheral vasospasms, such_as_are seen with and after thrombo- 
phlebitis and im post-traumatic states, pain is also prominent. But 
now its connection with the exciting lesion is less direct and under- 
standable. The sort of injury which excites the pain complex of 
minor causalgia only exceptionally does so. One must believe that 
a peculiar progressive and persistent reflex disorder, involving, the 
sensory nerves of the blood-vessels, the spinal cord and the sympa- 
thetic system, occasionally and unpredictably is set up. —Pain, 
. . 
edema and _cyanosis—are_usually associated. It is hard to see 
relationship between these chronic states and the gross vasospasms 
until it is realized that the irritation of nerves about an inflamed, 
thrombosed vein can occasion exactly the same local and peripheral 
Vasospasms and pain complexes as are borne of a great variety of 
injuries. There is yet much to unravel but the interpretation offered 
here has so far proved useful. Imaginative concepts and painstaking, 
accurate studies of pathologic physiology should continue to offer 
solutions for such circulatory puzzles and relieve much suffering 
and disability. 
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THE literature contains various reports, based on either gastro- 
scopic or histologic studies, of the frequency of gastritis in cases of 
peptic ulcer. Konjetzny*® found gastritis histologically in 100°% of 
his operated patients with peptic ulcer and expressed the belief 
shared by Faber‘ that gastritis was a precursor of peptic ulcer. He 
stated that the gastritis begins in the antrum and later spreads to 
the body of the stomach. Henning’ was also impressed with the 
regularity of gastritis in patients with peptic ulcer following a study 
of a large series of resected stomachs. On histologic study Baker! 
found that 90% of gastric ulcers were associated with gastritic 
changes, particularly in the antral mucosa, and that 60% revealed 
definite atrophic changes. In about 80% of duodenal ulcers some 
degree of antral gastritis was present and in 30% the gastritis was 
of the atrophic type. Templeton and Schindler” found gastritis 
in 37 of 44 patients with gastric ulcer and in 49 of 75 patients with 
duodenal ulcer examined gastroscopically. The gastritis was most 
commonly hypertrophic. Atrophic gastritis was found in 4 of the 
cases of gastric ulcer and in 3 of the group with duodenal ulcer. 
In a later study Schindler and Arndal!® found atrophic gastritis in 
19 of 79 cases of benign gastric ulcer. In a gastroscopic study of 
70 patients with duodenal ulcer Christiansen*® reported the presence 
of gastritis in 43. Superficial gastritis was found in 34 of the 
patients, hypertrophic gastritis in 8, and atrophic gastritis in 1. 

Our own studies are based on observations in 40 patients with 
peptic ulcer, 28 of whom had satisfactory gastroscopic examinations 

* This work was aided by a grant from the National Cancer Institute. 


+ Fellow in Gastroenterology in coédperation with the Department of Pathology. 


t Fellow in Gastroenterology; Trainee of the National Cancer Institute. 


OBSERVATIONS ON GASTRITIS AND PEPTIC ULCER $29 


within | month from the time that material was obtained for micro- 
scopic examination. Thirty-six of the cases were subjected to par- 
tial gastrectomy, and 4 were studied postmortem (following injec- 
tion of the stomach with formalin immediately after death). Im- 
mediately after the resected material was obtained, it was washed 
with water to remove excess mucus, then gently stuffed with gauze 
and immersed in formalin. In 23 instances large sections contain- 
ing part of the lesser and greater curvature of the stomach were 
obtained as described elsewhere.'' In 10 of the cases material for 
microscopic examination was obtained within | week following the 
gastroscopic examination, in 10 others within 2 weeks, and in the 
remaining 8 within less than 4 weeks. 

The gastroscopic criteria of the various forms of gastritis used in 
this study are essentially those of Schindler.’ A diagnosis of super- 
ficial gastritis was made in the presence of at least two of the 
following changes: (1) excess of mucus (free of air bubbles), (2) 
hyperemia (diffuse or patchy), or (3) edema of the folds. Hyper- 
trophic gastritis was diagnosed when any of the following changes 
were present: (1) verrucous elevations or beading of the ruge, 
(2) polygonal areas, or (3) a cobblestone pattern. These changes 
were usually associated with a velvety appearance of the mucosa 
and a decrease in highlights. Atrophie gastritis was considered to 
be present when either grayish areas or branching vessels were 
visible. These changes were usually associated with improminent 
or absent rugee. 

The microscopic criteria of atrophic gastritis and its arbitrary 
gradations of + to IV which we have adopted have been given in 
detail elsewhere.'' The changes consist of varying degrees of (1) 
infiltration between the glands and ducts with plasma cells and 
lymphocytes, (2) infiltration between glands and ducts with con- 
nective tissue, (3) goblet cell metaplasia, (4) decrease in number of 
glands, (5) cystic dilatation of glands or gland ducts, (6) lymph 
follicle hyperplasia and/or increase in number, (7) disappearance of 
chief and parietal cells, (8) distortion of glands or gland cells, or 
(9) decrease in width of the mucosa. (All of these changes need 
not be simultaneously present in a given section.) 

We have considered the presence of hyperplasia (increase in the 
number of glands and in the size of the gland cells) as essential to 
the microscopic diagnosis of hypertrophic gastritis. This type of 
hyperplasia has been described in detail by Letulle? who pointed 
out that only to this method of increase in the width of the gastric 
mucosa can the term hyperplasia be used. Benedict and Mallory? 
describe the counterpart of the hypertrophic gastritis of the gastro- 
scopist as a chronic gastritis in which there is “exaggeration of the 
zone of plasma cell infiltration which in some degree is found in 
almost every stomach.” We believe, as Letulle did, that the widen- 
ing due to infiltration of small round cells, plasma cells and fibrous 
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tissue, as well as that observed when hyperplasia of lymphoid follicles 
has ensued, is not a true hyperplasia or hypertrophy. When these 
processes are associated, as they usually are, with a decrease in the 
glandular elements of the mucosa, atrophic gastritis is present. 

At the present time we do not consider any particular microscopic 
change as characteristic of superficial gastritis. On the basis of 
biopsy studies Schindler® believes that the superficial gastritis seen 
by the gastroscopist consists of edema and plasma cell infiltration 
of the connective tissue stalk between the gland duct openings and 
mucin distention of the cells above the neck cell zone, including the 
surface epithelium with flattening, to a basilar position, of the 
nuclei of these cells. Benedict and Mallory? have described super- 
ficial gastritis as an acute exudative process in which mucin vacuoles 
grow smaller and disappear from the cells above the neck cell glands, 
which they normally completely fill, and in which polymorpho- 
nuclear leukocytes appear in large numbers in the interstitial tissues 
of the upper portions of the mucosa. 

In comparing the gastroscopic and microscopic findings of gas- 
tritis in cases of peptic ulcer, there are certain difficulties. The 
antrum which may be the seat of the most marked gastritis in cases 
of peptic ulcer may be poorly visualized gastroscopically. The time 
elapsing between the gastroscopic examination and resection or 
autopsy may permit the appearance or disappearance of mucosal 
changes. The degree of gastritic change in the so-called normal 
stomach needs yet to be determined. Finally, there are certain 
portions of the stomach which are not seen during gastroscopy. 
These include the lesser curvature of the antrum, part of the greater 
curvature along which the instrument passes, part of the posterior 
wall, and part of the fundus. 

It will be seen from Table 1, which lists the gastroscopic findings 
in 28 of the cases in which a satisfactory gastroscopy was carried 
out, that the stomach appeared normal in 12 instances. In 10 cases 
superficial gastritis was present; in 5, hypertrophic gastritis was 
found; and in 1, there was a combination of superficial and hyper- 
trophic gastritis. In no instance were definite atrophic changes 
found. 


TABLE 1 GastTRoscopic FINDINGS IN 28 Cases or Peptic ULcER 


No. cases No. cases 
of gastric of duodenal 
Gastroscopic diagnosis* ulcer ulcer lotal 
Normal stomach 6 6 12 
Superficial gastritis 4 6 10 
Hypertrophic gastritis 3 2 5 
Superficial and hypertrophic gastritis l 0 1 
Total 14 14 28 


* 


This pertains only to mucosal changes exclusive of the presence of ulcer. 
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‘Table 2 depicts the microscopic changes in the gastric mucosa in 
the 40 patients studied. Most striking is the presence of an atrophic 
gastritis of Grade II to Grade IV in 35 of the cases. Evidence of 


Fic. 1.—C. 8. 56-w-m. Duodenal ulcer. Cystic dilatation of the glands is a 
prominent feature of the atrophic gastritis in this stomach. (x 160.) 


Fic. 2.—A. K. 48-w-m. Gastric ulcer. Goblet cell metaplasia is found frequently 
in this stomach with far-advanced atrophic gastritis. (> 160.) 
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hyperplasia was seen in 16 cases and was always associated with 
atrophic gastritis. Photomicrographs from 2 of the cases are shown 
in Figures | and 2 emphasizing particularly the atrophic changes. 


TaBLeE 2.— Microscopic CHANGES IN Gastric Mucosa or 40 Cases OF 
Peptic ULCER 


No. cases No. cases 
of gastric of duodenal 
Microscopic diagnosis ulcer uleer Total 

Normal mucosa* 2 2 4 
Atrophic gastritis, Grade I 0 l 1 
Atrophic gastritis, Grade II to IV 14 21 35 
Hyperplasiat 4 12 16 
Polypst 0 2 2 


* This includes 3 cases of atrophic gastritis, Grade + considered normal. 
+ These changes are additional to the atrophic gastritis listed above the broken 
line 


TABLE 3.— CORRELATION OF GASTROSCOPIC AND HisToLoGic DIAGNosis oF GASTRITIS 
IN 28 Cases oF Peptic ULCER 
Microscopic findings 


Atrophic 


Atrophic gastritis 
No. of Normal gastritis Hy per- and 
Gastroscopic diagnosis* eases mucosat I-IV) plasia hyperplasia 
Normal mucosa 12 - 8 4 
Hypertrophic gastritis 5 - 2 3 
Superficial gastritis 10 3 3 j 
Superficial and hypertrophic gas- 
tritis 1 


* This pertains only to mucosal changes exclusive of the presence of ulcer. 
+ Atrophic gastritis, Grade +, considered normal. 


Table III emphasizes the rather startling discrepancy between 
the gastroscopic and microscopic diagnoses in these cases. In 
12 instances in which the stomach appeared normal at gastroscopy, 
definite gastritic changes were present in all, the changes being a 
combination of atrophic gastritis and hyperplasia in 4, and atrophic 
gastritis in 8. In 10 patients in whom a gastroscopic diagnosis of 
superficial gastritis was made, 4 showed atrophic gastritis and 
hyperplasia, 3 showed atrophic gastritis, and 3 showed either a 
normal stomach or a + atrophic gastritis which we consider within 
normal limits. In none of the 10 cases of superficial gastritis, 9 of 
which were examined within 11 days of resection, did we find evi- 
dence of an acute exudative process such as that described by 
Benedict and Mallory in 25 of 33 of their cases with a gastroscopic 
diagnosis of superficial gastritis. Edema, hemorrhage, plasma cell 
infiltration and mucin distention of the cells above the neck cell 
zone with flattening to a basilar portion of the nuclei of these cells, 
as described by Schindler, were no more prominent in the cases with 
superficial gastritis than in the other cases. 

Of much interest is the fact that the atrophic gastritis which we 
reported to be present microscopically in 28 of 35 cases of gastric 
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cancer! was largely similar to that described in the group of ulcer 
patients here reported except for the association of hyperplasia in 
16 instances of the ulcer group. This is contrary to what one would 
expect from the difference in the gastroscopic appearances in the 
two groups of patients. 

Summary. Atrophic gastritis of an arbitrary Grade I to IV was 
found microscopically in 36 of 40 proved cases of peptic ulcer. 
The gastritis did not vary essentially from that previously reported 
in a group of 35 cases of gastric cancer except that evidence of hyper- 
plasia was found in 16 cases. 

The gastric mucosa appeared normal in 12 cases, superficial 
gastritis was present in 10, and either hypertrophic gastritis or 
hypertrophic and superficial gastritis was present in 6 of 28 patients 
who had satisfactory gastroscopic examinations within 1 month of 
resection or autopsy. Microscopically, atrophic gastritis was found 
in all of the 12 cases which were normal at gastroscopy and in 13 of 
the remaining 16. This discrepancy may be explained in part by 
the presence microscopically of a certain degree of atrophic gastritis 
in the so-called normal stomach and by the masking of atrophic 
changes by superficial or hypertrophic gastritis. 

The fact that the gastritis associated with peptic ulcer is largely 
similar to that seen in patients with gastric cancer strongly suggests 
that the gastritis per se may not be a specific precursor of either 
gastric cancer or peptic ulcer. 

The frequent presence of microscopic evidence of atrophic gas- 
tritis in a stomach which appears normal gastroscopically indicates 
the necessity for further study of control groups of stomachs. 
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Autmost all authorities on the subject of right lower quadrant 
pain express warnings to be cautious and thorough in diagnosis and 
treatment, and advise healthy skepticism in condemning the appen- 
dix and advising its removal. Experiences in the surgical follow-up 
clinic certainly corroborate the opinions found in the literature. 

The physician must be cognizant of the many sites of origin 
which right lower quadrant pain may have, for it may spring from 
various intestinal, renal, genital, thoracic lesions or have orthopedic 
and functional sources.!? The relative frequency with which the 
pain arises from any of these causes is not known since the statistics 
of an individual writer will be altered by the specialty in which he is 
engaged. 

It is common experience that careful study of a patient may fail 
to disclose any positive cause for lower abdominal or right lower 
quadrant pain; the diagnosis, therefore, being made by exclusion, 
and removal of the appendix advised. 

If laparotomy is carried out, a gross pathologic lesion may or 
may not be found to account for the patient’s symptoms; instead, 
minor degrees of abnormality either in the appendix or in some other 
organ may be encountered and interpreted according to the individ- 
ual opinions of the operator. ‘There are certainly not a few cases 
in which the abdominal viscera appear normal, and here again, the 
description of the operative findings is colored by the thoughts 
(sometimes wishful) of the surgeon. 

Method. In order to study the efficiency of the diagnostic and 
therapeutic measures employed on patients suffering with right 
lower quadrant pain, and treated in the wards of the B Surgical 
Service of Jefferson Medical College Hospital, the histories and 
follow-up records of 375 cases were reviewed through the Surgical 
Follow-Up Clinic. In most instances, these patients were diag- 
nosed preoperatively as subacute or chronic appendicitis and were 
operated on between May, 1929, and July, 1940. The period of 


* This work was done while Ross V. Patterson Fellow in Surgery, Jefferson Medi- 
eal College Hospital. 
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postoperative observation varied from 3 months to 11 years (aver- 
age, 22.9 months). Eight patients with similar diagnosis, but in 
whom procedures other than the removal of the appendix were 
performed, are not included in this follow-up study. 

The diagnosis of the pathologist was tabulated in all instances 
in which it could be obtained. The presence of inflammatory reac- 
tion and fecaliths was not tabulated unless mentioned in the path- 
ologist’s report. 

The various types of histologic diagnosis, and their relative fre- 
quency are tabulated in Table 1. Out of the 375 cases, a laboratory 
record of the removed tissue was available in 255. 


TABLE 1.— PATHOLOGIC DIAGNOSIS 


Appendix without microscopic lesion 104 
Lymphoid hyperplasia 75 
Chronic appendicitis 32 
Acute appendicitis 21 
Hemorrhage and necrosis in mucosa S 
Fecalith in lumen Ss 
Fibrosis 5 
Subacute appendicitis 1 
Oxyuris vermicularis l 
Total 255 


Pathologically, the largest group, 104 cases, was made up of 
appendices which showed no evidence of organic disease. In 
75 cases, lymphoid hyperplasia was noted and varied in degree from 
slight to marked. In 32 cases, chronic appendicitis was diagnosed 
histologically, while in 21 cases, acute appendicitis was found. 

The majority of the patients in this series were between the ages 
of 10 and 39; the greatest incidence, 42.4% being in the second 
decade of life (Table 2). 


TABLE 2.—AGE INCIDENCE 


K 

lto 9 years 17 1.5 
10 to 19 150 42.4 
20 to 29 “ 131 34.9 
30 to 39 ms 16 12.3 
1Wto49 1s 1.8 
50 to 59 " 1 10 


‘There were 251 females and 144 males, a ratio of 1.6 to 1. These 
figures vary somewhat from those given by Zisserman® who, in 
reviewing 391 cases of chronic appendicitis, reported 287 females 
and 104 males, a ratio of 2.7 tol. The average age for patients in 
his series was 22.4 years. 

In 48.4% of the patients, symptoms had been present at intervals 
for 6 months or more (Table 3) while only 4% of the total number 
gave no history of any attacks of pain prior to their present illness. 
It is interesting to note that of the 15 patients who were operated 
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on following their first attack, 14 were symptom-free postoperativel) 
and | had occasional pain in the region of the sear. 


TABLE 3.--Hisrory or ATTACKS 


No. % 

2 years and over 91 24.2 
1 to 2 years 31 SO 
6 months to 1 year 61 16.2 
Less than 6 months 110 29.4 
No previous attack 15 1 0 
Not noted 67 17.8 


Pain was the chief symptom in all except 1 patient, and was 
present in the right lower quadrant only in slightly more than half 
of the cases (51.7%) (Table 4). 


TABLE 4 LocaTION OF PAIN 


No 
Right lower quadrant 194 51.7 
Generalized, localizing in R.L.Q. 35 94 
Epigastric, radiating to R.L.Q. 28 7.4 
Umbilical radiating to R.L.Q. 1S Re 
R.L.Q. radiating to loin or back 1S We 
R.L.Q. radiating to L.L.Q. 16 i.2 
Epigastric 13 3.4 
R.L.Q. radiating to right thigh 11 2.9 
Peri-umbilical or generalized 10 2 6 
R.L.Q. radiating to R.U.Q S 2.1 
Hypogastric 3 0.8 
R.U.Q. radiating to loin 2 0.5 
‘All over abdomen”’ 0.3 
No pain l 0.3 
Not noted \7 15 


Other types of pain, varying in location and radiation, made up 
the rest of the group. The patient who had no pain, a 23-year-old 
male, complained of nausea and abdominal distention for 2 years 
prior to admission. At operation, his appendix was found to be 
hard, elongated and slightly injected. However, following appen- 
dectomy, he has been svmptom-free. 

Nausea was present in about one-third (32.2%) of the cases; 
vomiting alone in 8.5% and nausea with vomiting in 24.1% of the 
cases. 

The leukocyte counts were within normal limits in the majority) 
of cases. This was probably due to the mild or moderate degree of 
the illness, plus the fact that many leukocyte counts were made 
during the so-called “interval”’ period between attacks of pain. Of 
the leukocyte counts made, 68.3% were between 5000 and 10,000 
per c.mm.; 5.1% were below this figure, 16.6% were above it, and 
in 9.6% of the cases, no records of leukocyte determinations were 
found. 

Operative descriptions indicated that some appendices were 
normal, some were kinked or were fixed by adhesions or congenital 
bands, and were said to show various grades of inflammatory reac- 
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tion or serosal injection. Speaking from the gross pathologic aspect, 
evidences of inflammation were described in 105 cases from that 
group having a pathologic report. Yet, if the laboratory findings 
were reviewed and the chronic, subacute and acute appendices 
totaled, there were only 54 cases in which the pathologist corrobo- 
rated the clinical opinion. 

‘There were 49 cases in which fecaliths were reported in the opera- 
tive notes (Table 5). Forty-three of these patients had no pain 
postoperatively and the remaining 6, with postoperative symptoms, 
had had recurrent attacks of right lower quadrant pain accom- 
panied by nausea and vomiting before admission to the hospital. 
The duration of onset varied from 8 days to 13 years before opera- 
tion, at which time nothing but the removal of the appendix was 
performed. Of the 6 with postoperative symptoms, | woman had 
pain only after walking rapidly. Four (2 men and 2 women) had 
pain only when constipated. The third man had occasional return 
of his preoperative pain, which he cannot associate with any activity 
or function. He has a history of a loss of 20 pounds in weight and 
diarrhea but no note has been made as to any investigation of these 
symptoms. In this group having the lumen of the appendix ob- 
structed by fecaliths, 87.89% were symptom-free after operation. 
Four of the 6 patients with right lower quadrant pain postopera- 
tively accompanied by constipation no doubt have symptoms be- 
cause of increased pressure in the cecum as a result of a spastic colon 
and a competent ileocecal valve. 


- 
5.—-INTRALUMINAL OBSTRUCTION 


Pain following 


Findings Symptom-free appendectomy 
Fecaliths 43 6 
Oxyuris vermicularis 1 
Total ‘ 44 6 
Percentage 8S 12 


In 27 patients the appendix was found to be in the retrocecal 
position. 

Clinically, 21 patients were felt to have normal appendices, 
whereas histologically it was reported 104 times. Obstructive 
phenomena, due either to malposition or kinking, or containing 
fecaliths, noted clinically and absent pathologically, will account 
for many of the apparent discrepancies between the clinical and 
pathologic diagnosis. Wangensteent had demonstrated that an 
increase in intraluminal pressure of an otherwise normal appendix 
causes pain. 

In 9 cases, enlarged mesenteric nodes were reported, but in only 
2 instances in this series was diagnosis of mesenteric adenitis made 
hefore operation. All 9 patients were symptom-free postoperatively. 
Histologic examination of the group showed 3 appendices with 
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lymphoid hyperplasia, 2 normal and | with signs of chronic inflam- 
mation. In 3 cases no pathologic report was secured. 

Pathologic changes were noted in abdominal viscera other than 
the appendix in 32 patients; 29 females and 3 males. Table 6 shows 
the pathologic changes in these organs and the symptomatic results 
obtained by operation. Out of this group, 25 patients (78%) were 
symptom-free postoperatively; 1 patient (3.1%) had a definite recur- 
rence of her preoperative pain, and 6 patients (18.79%) complained 
of some abdominal discomfort, difficult to evaluate, vet sufficient to 
prevent their classification among the group cured. 


TABLE 6.— PATHOLOGIC CHANGES IN OTHER ORGANS 


Pathologic changes noted Sex Follow-up 

Retroverted uterus F Oce. pain in R.L.Q. 

F Same pain; worse at menses 
Cyst of right tube I Symptom-free 
Simple cyst of right ovary F " 

Oce. R.L.Q. pain 

I Oce. R.L.Q. pain 
Adherent right ovary I Symptom-free 

Redundant colon I Soreness in R.L.Q 

Pain in L.L.Q. 

Symptom-free 
Adhesions between gall bladder 

and stomach M 

Ptotie kidney, right 

F 
Distended gall bladder M 
Peritonitis M 
Fluid in pelvis F 
Injected ileum F Painful sear 

Symptom-free 
Enlarged right lobe of liver 
Mesenteric adenitis F 


Results. ‘The symptomatic results observed, interpreted and 
tabulated in the Follow-Up Clinic are given in Table 7. There 
were no deaths. Two hundred and sixty-four patients (70.4%) 
were free of pain and are classified as cured. ‘The symptoms pre- 
sented by the remaining patients were sometimes difficult to diag- 
nose. It was impossible to determine whether their postoperative 
symptoms were partly or entirely the same as their preope rative 
ones, or whether they had deve loped new complaints since leaving 
the hospital. Kighty-four patients had postoperative pain differing 
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in nature from their preoperative symptoms. All had some degree 
of abdominal discomfort varying in location, radiation, and fre- 
quency of occurrence, and were difficult to classify because of the 
wide range of variability. They are regarded as unsatisfactory 
results and will require further observation to determine whether 
their postoperative complaints are related to, or independent of, 
their preoperative symptoms. One patient, a 37-vear-old male 
whose preoperative diagnosis was appendicitis and who was operated 
on in May 1933, was readmitted in 1934, 1935 and again in 1939 
because of hemorrhage from a duodenal ulcer. He refused surgery 
until his fourth hemorrhage in April, 1941, when a subtotal gastrec- 
tomy was done. Undoubtedly, his original difficulties were due to 
a duodenal ulcer, unrecognized because of atypical symptoms. 


TABLE 7.— Sympromatic RESULTS REFERRING TO PAIN 


Pain- Pain Hypo- 
No Same ful on Pain in Abd. gastric RUQ Not 

Pathologie diagnosis pain pain scar effort RLQ,LLQ pain pain pain Ulcer noted 
Appendix without microscopic lesion 75 10 3 2 10 3 1 
Chron 24 2 3 1 2 
Subacute 1 
Acute IS 2 
Lymphoid hyperplasia 52 1 3 1 12 6 
Fecaliths 5 1 1 
Hem. or necrosis in mucosa 4 2 ps 
Fibrosis 2 1 2 
Oxyuris vermicularis ; 1 
No pathologic report S3 ll 3 17 1 2 2 1 1 
Totals 24 27 13 5 47 12 2 5 1 1 
Percentage 70.4 7.5 3.5 1.3 12.5 3.2 5 7 2 2 


It was definitely thought that 27 patients had exactly the same 
pain postoperatively as they had complained of preoperatively. In 
this group were 19 females and 8 males. Their appendices were 
classified pathologically as follows: normal, 10; hemorrhage in 
mucosa, 2; chronic inflammation, 2; lymphoid hyperplasia, 1; fecal- 
iths, 1; no pathologic report, 11. 

Eight patients in this group suffered from moderate to severe 
dysmenorrhea, associated with menstrual irregularity. Two of the 
patients were thought by the psychiatrists to have mental retarda- 
tion and psychoneurosis, while 4 others, who were not definitely 
diagnosed as neurotics, might well be classified among this group, 
judging from their chronic and bizarre symptomatology, the organic 
origin of which was never demonstrated by thorough study. 

A 43-year-old man, unimproved following appendectomy, has 
Roentgen ray evidence of right sacro-iliac arthritis. His appendix 
had shown lymphoid hyperplasia. A 22-year-old woman had a 
fractured pelvis 2 years prior to admission. When first allowed to 
walk following her injury she had pain in her right lower quadrant. 
She then began to have attacks of right lower quadrant pain accom- 
panied by nausea and vomiting and aggravated during her men- 
strual periods. She had tenderness in her right lower quadrant 
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extending around to her right flank. Roentgen ray examination of 
her bones showed a normal pelvis but an old injury to the transverse 
process of her fifth lumbar vertebra. Appendectomy was done, and 
at operation the patient was found to have a bleeding left ovarian 
cyst. Following operation she had a recurrence of the pain in her 
right lower quadrant. It was difficult to determine whether the 
patient’s symptoms were due to ovarian dysfunction or the referred 
pain as a result of her old injury. 

Good follow-up records concerning the condition of the operative 
scars were secured in all but $2 cases (Table 8). The vast majority, 
255, were painless and well-healed. Two patients had weak scars 
with evidence of partial separation of the fascia, but no definite 
hernia. Four patients complained of some “ bulging” or a transient 
“lump” in their incision. In only 1 of these was there a vague 
sensation of an impulse on straining. No definite hernias were 
found. 

TABLE 8.—CONDITION OF SCARS 


No. % 
Painless and well healed 255 68.0 
2 0.5 
Hernia (? 4 1.0 
Scar occasionally painful 14 3.7 
Scar painful on exertion 4 1.0 
Sear painful in damp weather 2 05 
Keloid formation 12 3.2 
Not noted 82 22.1 
Total percentage 100.00 


Twelve cases of keloid formation were presented. No wound 
infections were reported, however. 

Discussion. Analysis of our follow-up records of 375 cases of 
appendicitis, almost all of which were recurrent, indicates that our 
experiences agree closely with those reported from other clinics. 
The percentages of cures, following appendectomy, reported by 
various authors vary between 74% and 87%. Of our 375 cases, 
264 (70.4%) were completely cured of any preoperative symptoms 
following appendectomy, and a total of 348 (92.8%) were either 
completely or partially relieved of pain. The remaining 27 patients 
(7.2%) had exactly the same postoperative pain as they had pre- 
operatively. In a recent article on this subject, Warren and Ballan- 
tine’ report that, following operation, three-fourths of their patients 
with recurrent right lower quadrant pain were either completely or 
partially relieved. 

The opinion of the pathologist concerning the appendix may or 
may not be significant; but every organ removed should certainly 
be submitted for laboratory examination. It is to be expected that 
many appendices demonstrating adhesions, kinks or congenital bands 
will show no internal microscopic pathologic change. As the path- 
ologist is not in as good a position as the surgeon to evaluate the 
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significance of such instances, it seems justifiable to adhere to the 
surgical description, and to regard the patholog’st’s report as of 
minor importance in formulating the final diagnosis. When, how- 
ever, the pathologist corroborates the clinical description of an 
inflamed but otherwise normal appendix in only 54 out of 166 in- 
stances, a serious discrepancy exists. As the histologic diagnosis of 
inflammation is unquestionably the more objective, it should be 
taken as the standard. Most of the difficulty is really the result 
of inadequate terminology, as is often the case in medical disagree- 
ments. It is inaccurate to diagnose mechanical appendiceal lesions 
as inflammatory—an error that surgeons commit each time they 
make a diagnosis of chronic appendicitis. Until more accurate 
nomenclature is adopted, the term “recurrent” is probably the least 
incorrect, and is to be preferred to the adjective “chronic.” 

The group of 27 patients who had a recurrence of their preopera- 
tive pain, as well as the patients who had various other postoperative 
pain, are admittedly difficult to classify. As a group, there are 
certain features which stand out. Two-thirds of these individuals 
are women with a definite history of irregular menstruation and 
dysmenorrhea, suggesting endocrine dysfunction. Some are con- 
stipated or complain of anorexia, belching, bloating and indigestion. 
Three were described as very poorly nourished. This presents the 
problem of dietary deficiencies, particularly referring to the insuffi- 
cient intake of the B complex. Since this factor is known to have a 
specific relation to gastro-intestinal motility, the lack of an adequate 
intake of it may give rise to signs and symptoms mimicking appendi- 
ceal or gall bladder disease.’ 

Four of these patients, we now believe, are neurasthenics, and 
while caution must be exercised in making such a diagnosis, it should, 
when proper evidence is at hand, be made, and appendectomy not 
advised. 

Regular periods of observation in the follow-up clinic is the only 
accurate method of determining the status of a group of patients 
presenting a varied symptomatology and who were clinically diag- 
nosed as appendicitis. 

Conclusions. An accurate observation of the patient and a study 
of his symptoms are necessary before advising appendectomy. 
Three hundred and twenty-four of our patients were hospitalized 
12 days or longer, giving the ward surgeon 2 to 4 days to observe the 
case. Thirty-five others were hospitalized from 21 to 37 days. 
On all of these patients hospitalized longer than the average case of 
appendicitis, we made special studies such as urograms, serial exam- 
ination of catheterized urine, and gastro-intestinal Roentgen ray 
examinations, particularly the barium enema. We reviewed the 
studies recorded on the histories but were unable to discover the 
discrepancies between the clinical and pathologic diagnosis. 
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We urge that nutritional deficiencies be given greater considera- 
tion in the group of patients diagnosed clinically as having recurrent 
appendicitis. 
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THE ABSORPTION, EXCRETION AND TOXICITY OF PENICILLIN 
ADMINISTERED BY INTRATHECAL INJECTION* 
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From the Evans Memorial, Massachusetts Memorial Hospitals, and the Department 
of Medicine, Boston University School of Medicine 


IN view of the fact that certain types of meningitis fail to respond 
satisfactorily to therapy with the sulfonamide drugs, a study was 
undertaken to determine the effectiveness of penicillin treatment 
in staphylococcal and pneumococcal meningitis. As a part of this 
investigation the absorption, excretion and toxicity of penicillin 
following intrathecal injection were studied. 


Materials and Method. In all, 6 subjects received intrathecal injections 
of penicillin. They included 1 patient with idiopathic epilepsy, 1 with 
rheumatoid arthritis, 2 with meningitis and 2 with brain abscess and men- 
ingitis. During the period of study the fluid intake was not limited. 

An 0.85°% solution of sodium chloride containing 1000 Florey units of 
the sodium salt of penicillint per cubic centimeter was used in each subject. 
This solution was stored at 5° C. until the time of injection. 

After the removal of at least 10 ce. of spinal fluid, penicillin, varying 
from 3000 to 10,000 Florey units, was injected intrathecally. For as long 
as 7 hours after the penicillin had been administered numerous samples of 
blood were withdrawn from the antecubital vein. The blood was placed in 
sterile tubes and allowed to clot, following which the serum was separated 
by centrifugalization. 

Repeated lumbar punctures were performed subsequent to the injection. 
After the intrathecal pressure had been measured 1 to 10 ec. of fluid was 
removed and the number of cells per cubic millimeter recorded. In addition, 
in 2 subjects fluid was obtained at time of autopsy from the ventricular 
system. 

In several subjects all urine was collected for a period of 24 to 48 hours. 
These specimens were obtained in sterile containers from males and by 
catheterization from females. The samples of blood serum, spinal fluid and 
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urine were stored at 5° C. until the time of testing. If a sample was known 
to be contaminated, it was passed through a Seitz filter to effect sterilization. 

The method used to determine the concentration of penicillin in body 
fluids has been described in detail elsewhere.® Briefly, it consists of making 
3 to 14 serial dilutions of 0.2 ce. of the unknown sample. As a control, a 
standard solution of penicillin containing 4 Florey units per 0.2 ce. is diluted 
in a similar manner. To the various dilutions of the control and unknown 
samples is then added 0.5 ee. of veal infusion broth containing 1‘; erythro- 
cytes and 1000 to 10,000 hemolytic streptococci. -All tubes are incubated 
for 18 to 24 hours and then examined for growth. Repeated tests have 
demonstrated that the smallest amount of penicillin required to sterilize 
the culture is 0.0039 Florey unit. By observing the greatest dilution of the 
unknown sample in which all streptococci are killed, it is possible to deter- 
mine the concentration of penicillin in the sample.* 


RESULTS OF INTRATHECAL ADMINISTRATION OF PENICILLIN 


IN A NORMAL INDIVIDUAL 
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Fic. 1.— Results of intrathecal administration of penicillin in a normal individual. 


Results. -thsorption, Ereretion and Toxicity in Subjects Without 
Brain Abscess or Meningitis. Figure 1 shows the essential observa- 
tions made on Subject 1, a male 17 years of age with idiopathic 
epilepsy, after the intrathecal injection of 10,000 Florey units of 
penicillin. With the exception of one sample of blood obtained 
70 minutes after the injection, the serum contained no appreciable 
amount of penicillin. Six hours following the injection the spinal 
Huid contained 25 Florey units per cc. The level then fell rather 
rapidly so that at 31.5 hours there was only 0.078 Florey unit per ce. 
and at 72 hours no trace of penicillin remained. 


* All figures recorded in this paper on the concentration of penicillin in body fluids 
are subject to the errors of dilution methods in general. 
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Not included in Figure | is the excretion of penicillin in the urine. 
There was apparently a suppression of urine formation in this subject 
since the first specimen of 30 cc. was passed 18 hours after the 
injection. This sample contained 75 Florey units. The total volume 
of urine in the first 37 hours of observation was 819 cc. and the 
total number of Florey units of penicillin excreted was 997. The 
total excretion amounted, then, to about 10°% of the administered 
dose. 

The intrathecal injection of 10,000 Florey units resulted in a 
great increase in the number of cells in the spinal fluid. At 6 hours 
the leukocytes numbered 570 and at 18 hours reached a peak of 
$170 per c.mm. The number of cells gradually decreased so that at 
%6 hours a total of only 250 leukocytes was recorded. Of some 
interest is the fact that all cells were actively motile. Concomitant 
with the cellular response in the spinal fluid, the number of leuko- 
cytes in the blood increased from 7250 to a maximum of 18,600, 
29 hours after the injection of penicillin. 

Within 45 minutes after the injection the subject complained of 
a severe headache. This complaint was relieved by 0.06 gm. of 
codeine sulfate. At 4 hours the headache recurred and was asso- 
ciated with vomiting. A lumbar puncture performed 6 hours after 
the injection showed that the pressure had increased from 130 to 
210 mm. of water. The headache was only partially relieved when 
the pressure was reduced by the removal of several cubic centi- 
meters of spinal fluid. The headache and vomiting continued for 
the first 24 hours and thereafter gradually diminished. There was 
no rigidity of the neck or elevation of temperature during this period. 

Subject 2, a male 28 years of age with rheumatoid arthritis, 
received 5000 Florey units of penicillin intrathecally. No toxic 
symptoms followed the injection other than a mild headache which 
lasted only 30 minutes. Blood samples obtained at frequent inter- 
vals during the first 4 hours of observation failed to show any peni- 
cillin in the serum. As is shown in Figure 2, the spinal fluid con- 
tained 31.2 Florey units per ce. 8 hours after the injection. At 
26 hours the concentration had dropped to 0.625 Florey unit and 
at 44 hours all traces of penicillin had disappeared. 

In this subject the maximum leukocyte response recorded in the 
spinal fluid was 740 per ¢.mm. at 26 hours after the injection. The 
number of leukocytes fell rapidly and at 98 hours only 50 cells per 
c.mm. remained. The spinal fluid pressure was not elevated above 
a normal level during the period of observation. 

The excretion of penicillin in the urine was delayed; however, a 
total of 1121 Florey units was found in the urine during the first 
24 hours. 

Absorption and Excretion in Subjects With Meningitis. Subject 3, 
a female aged 23 years with miliary tuberculosis and tuberculous 
meningitis, received an intrathecal injection of 10,000 Florey units. 
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Figure } shows the results obtained. It will be noted that 0.078 
Florey unit per cc. of serum was found in the first sample of blood 


RESULTS OF INTRATHECAL ADMINISTRATION OF PENICILLIN 
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Fic. 2.Results of intrathecal administration of penicillin in a normal individual. 


CONCENTRATION AND EXCRETION OF PENICILLIN 
AFTER INTRATHECAL INJECTION 
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Fic. 3.—Concentration and excretion of penicillin after intrathecal injection. 


taken 15 minutes after the injection. Thereafter, all samples of 
serum obtained at intervals up to 7 hours continued to show a sig- 
nificant level of penicillin. 
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The level of penicillin in the spinal fluid decreased rapidly, as 
shown by the low concentration of 0.625 Florey unit per cc. of fluid 
in the 10-hour sample. At 17 hours the spinal fluid contained only 
0.078 Florey unit. 

Before penicillin was injected the intrathecal pressure was 
300 mm. of water and 10 hours later it was 500. At 17 hours after 
the injection the pressure had fallen to 320. At no time during 
the period of observation were there any untoward symptoms. 

The total volume of urine passed during the collection period of 
17 hours and 30 minutes was 478 cc. This urine contained 7848 
Florey units (78% of the administered dose). 


CONCENTRATION AND EXCRETION OF PENICILLIN 
IN MENINGITIS AFTER INTRATHECAL INJECTION 
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Fic. 4.—Concentration and excretion of penicillin in meningitis after intrathecal 
injection. 


Subject 4, a 5-month-old female infant with Type VIII pneumo- 
coccal meningitis, was given 3000 Florey units intrathecally. In 
addition, this patient received an intravenous injection of 2000 
Florey units every 4 hours. No blood or urine samples were studied. 
The spinal fluid obtained just prior to the intrathecal injection 
contained 1700 leukocytes per ¢.mm. Twenty-four hours later the 
fluid contained 6400 leukocytes and 0.625 Florey unit of penicillin 
per cc. A second intrathecal injection was given and 9 hours later 
the infant died. Fluid obtained at time of autopsy from both the 
spinal canal and the cisterna magna contained 2.5 Florey units 
per cc. The heart’s blood contained 0.625 Florey unit per ce. of 
serum. 

Absorption and Excretion in Subjects With Brain Abscess and 
Meningitis. Figure 4 shows the absorption and excretion of peni- 
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cillin in Subject 5, who received an intrathecal injection of 10,000 
Florey units. This patient, a 34-year-old woman, developed a brain 
abscess and meningitis secondary to chronic empyema. Following 
the intrathecal injection, penicillin was absorbed so that the samples 
of blood taken 1, 2 and 3 hours later contained 0.039 Florey unit 
per cc. of serum. 

The leukocyte count prior to penicillin administration was 15,624, 
and 12 hours after it was 51,000 per c.mm. of spinal fluid. The 
count then fell rapidly, so that at 21 hours the fluid contained 
11,980 cells per c.mm. 

The subject excreted penicillin over a period of 28 hours, the 
largest amount being excreted in the first 6 hours. The sample 
obtained 6 hours after the injection contained 2310 Florey units, 
which was 23% of the administered dose. In all, only 2727 Florey 
units were excreted in the urine. 

Spinal fluid obtained by lumbar puncture 6 hours after the intra- 
thecal injection contained 5 Florey units per cc. At 27 hours the 
concentration had fallen to 0.019 Florey unit, and at 40 hours no 
penicillin remained. 

Sixty hours after the first intrathecal injection, a second dose of 
5000 Florey units was given. Two and a half hours later the spinal 
fluid contained 10 Florey units per cc. The patient died 5 hours 
after the second injection, and fluid obtained from the third ven- 
tricle at postmortem was found to contain 0.039 Florey unit. 

Subject 6, a 42-year-old man with a diagnosis of brain abscess, 
meningitis and chronic empyema, was given an initial intrathecal 
injection of 10,000 Florey units. No studies were made on the 
blood concentrations or the urinary excretion, since in addition to 
the intrathecal injections the patient received 35,000 Florey units 
subcutaneously. The initial leukocyte count in the spinal fluid was 
1260 pere.mm. At the time of the second lumbar puncture 24 hours 
later it was 4600, and the fluid contained 1.25 Florey units per cc. 

An injection of 5000 Florey units was made at the time of the 
second lumbar puncture, and 24 hours later the fluid contained 
().039 Florey units per cc. and the cells numbered 4600. Forty-eight 
hours after this injection there was no penicillin in the spinal fluid 
and the leukocyte count was 1530. 

A third and fourth injection of 5000 Florey units each were made, 
and 24 hours after each injection the spinal fluid contained no 
penicillin. The leukocyte count 7 days after the initial injection 
of 10,000 Florey units was 136. At no time did the patient display 
toxic symptoms during the penicillin administration. 

Discussion. It has been demonstrated that penicillin does not 
pass through the blood-brain barrier in significant quantities follow- 
ing an intravenous injection of the substance.’ However, absorp- 
tion of penicillin was observed when injected into closed cavities.’ 
In general, it was found that the absorption and excretion of peni- 
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cillin injected into the body cavities were likely to be delayed. In 
| subject the chest fluid aspirated 22 hours after the local injection 
of 10,000 Florey units showed a concentration of 0.78 Florey unit 
per 

The above observations, together with the fact that penicillin is 
relatively non-toxic for tissues in general, led to the study of the 
absorption and excretion of the substance after intrathecal injection. 

In a subject (No. 1) with idiopathic epilepsy, little penicillin was 
found in the blood serum following the intrathecal injection of 5000 
to 10,000 Florey units. After the injection of 10,000 units the spinal 
fluid obtained 31.5 hours later still contained an appreciable quan- 
tity of penicillin. The excretion in this subject was slow and the 
total amount small. In the first 18 hours only 75 Florey units were 
excreted in the urine. This low figure, which is in distinct contrast 
to the excretion observed after intravenous injections of penicillin 
is partially explained by vomiting and renal suppression. ‘The total 
amount found in the urine during the first 37 hours was about 10% 
of the administered dose. 

When 5000 Florey units were injected into the lumbar area of 
another subject (No. 2), with rheumatoid arthritis, a concentration 
of 0.625 Florey unit per ec. of fluid was observed 26 hours after the 
injection. Excretion in the urine, although delayed, was in greater 
quantities than in Subject 1. The total excretion in the first 24 hours 
was 22% of the administered dose. 

In Subject 3, with miliary tuberculosis and tuberculous meningitis, 
the intrathecal injection of 10,000 Florey units was followed by 
the appearance of appreciable amounts of penicillin in the blood 
stream for a period of 7 hours. The spinal fluid at 17 hours con- 
tained 0.078 Florey unit per cc. and the total excretion of penicillin 
amounted to 78% of the administered dose. In Subject 4 with pneu- 
mococcal meningitis, who received intravenous injections of peni- 
cillin in addition to 3000 Florey units intrathecally, the spinal fluid 
contained 0.625 Florey unit 24 hours later. 

Subject 5, with brain abscess and meningitis secondary to chronic 
empyema, received 10,000 Florey units and subsequently showed 
penicillin in the blood serum during the 3 hours in which samples 
were taken. The spinal fluid contained significant amounts of peni- 
cillin for 27 hours. Excretion in the urine totaled 27% of the 
administered dose. Subject 6, with brain abscess, meningitis and 
chronic empyema, showed a significant concentration in the spinal 
fluid 24 hours after the injection of 10,000 Florey units. 

The fact that penicillin appeared in the blood stream for several 
hours after the injection in patients with meningitis, together with 
the increased excretion observed, suggests that penicillin is absorbed 
more rapidly when the meninges are inflamed. The results obtained 
after the injection into closed cavities’ were similar to the observa- 
tions made after intrathecal injections in normal subjects in that 
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absorption was slow and the total amount excreted in the urine was 
small. Further, significant amounts of penicillin remained in the 
spinal fluid for a period of 24 hours. 

It has been demonstrated previously that the intravenous injection 
of penicillin is not accompanied by toxic reactions.’ If penicillin is 
to be injected locally in the treatment of infections of the brain and 
meninges, it is of great importance to know what toxic effects may 
he produced. The present study showed that an intrathecal injec- 
tion of 10,000 Florey units in a normal subject was followed by 
nausea, vomiting and headache. At the same time there was an 
increased intrathecal pressure and a pleocytosis of 4170 per c.mm. of 
spinal fluid. When 5000 Florey units were injected into a normal 
subject, the only toxic symptom noted was a mild headache. There 
was a slight increase in the number of cells in the spinal fluid without 
an increase in the intrathecal pressure. In both subjects the leuko- 
cytes in the fluid were actively motile. 

In the presence of meningitis or brain abscess the injection of 
3000 to 10,000 Florey units was not attended by any toxic symp- 
toms. One subject (No. 3) showed a slight increase in the spinal 
fluid pressure. All subjects showed a slight but definite increase in 
the number of cells in the fluid. 

In general, then, the toxic reactions produced by intrathecal 
injections of 3000 to 10,000 Florey units are not severe, and this is 
especially true when 5000 Florey units or less are administered. 
The leukocyte response is similar to that observed after spinal 
anesthesia, lipiodol, serum or air injections.° 

The observations made in 2 subjects (Nos. 4 and 5) showed that 
penicillin was present in significant concentrations in the cisterna 
inagna and the third ventricle at the time of autopsy. This indicates 
that lumbar injections will result in a diffusion of the antibiotic 
agent throughout the ventriculo-subarachnoid space. 

Penicillin has been shown to be extremely effective as an anti- 
bacterial agent against the streptococcus, pneumococcus and staph- 
vlococcus.!** Meningitis or brain abscess caused by the latter two 
organisms has been rather resistant to sulfonamide therapy.? It is 
suggested, therefore, that the intrathecal injection of penicillin may 
he effective in the treatment of these forms of meningitis, since an 
effective local concentration of the active substance can be main- 
tained for a period of about 24 hours without undue toxic reactions. 
In general, the initial dose should not exceed 10,000 Florey units 
and subsequent doses of 5000 units each may be injected at intervals 
of 20 to 24 hours. If bacteremia is present, it is well to administer 
penicillin intravenously as well as intrathecally. 

Summary. Data are presented concerning the blood and spinal 
fluid concentration and the urinary excretion of penicillin after the 
intrathecal injection of 3000 to 10,000 Florey units in normal sub- 
jects and patients with meningitis. 
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In normal subjects, penicillin was slowly absorbed and slowly 
excreted in the urine following the injection of 5000 or 10,000 Florey 
units. It was detected in the spinal fluid for 31.5 hours after the 
injection of 10,000 Florey units. 

In subjects with meningitis, absorption of penicillin after intra- 
thecal injection was more rapid than in normal individuals. Like- 
wise, a greater amount of the administered dose was excreted in 
the urine. Penicillin was detected in the spinal fluid 24 hours after 
the injection of the antibiotic agent. In 2 subjects who died, peni- 
cillin was demonstrated in the cerebrospinal fluid removed from the 
third ventricle and from the cisterna magna. 

In a normal subject the injection of 10,000 Florey units was 
followed by headache, vomiting, increased intrathecal pressure and 
phagocytosis in the spinal fluid. After the injection of 5000 Florey 
units no symptoms were noted other than a slight headache and a 
slight increase in the number of leukocytes in the spinal fluid. In 
subjects with meningitis no untoward symptoms were noted follow- 
ing the injection of 3000 to 10,000 Florey units. 
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THE FIBRINOLYSIN TEST FOLLOWING HEMOLYTIC STREPTO- 
COCCAL INFECTIONS 


By Herman Yannet, M.D. 
MEDICAL DIRECTOR, SOUTHBURY TRAINING SCHOOI 
AND 
ALBERT LeErBovirz, M.S. 
BACTERIOLOGIST, SOUTHBURY TRAINING SCHOO! 

SOUTHBURY, CONN. 


Titterr, Edwards and Garner’ have demonstrated that the 
plasma clots of patients recovering from hemolytic streptococcal 
infections are resistant to the fibrinolytic activity of these organ- 
isms. Increasing utilization of the antistreptococcal fibrinolysin 
test has indicated its value in the diagnosis of probable cases of 
streptococcal fever, the tracing of streptococcal infections from the 
epidemiologic viewpoint, and in the investigation of sequel of 
streptococcal diseases. 

An outbreak of hemolytic streptococcal infections affecting 32 
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inmates of an institution for the mentally retarded, afforded an 
opportunity to study the effect of various factors on the incidence 
and persistence of plasma antistreptococcal fibrinolytic activity. 


Procedure, Material and Methods. The inmates were housed in 15 
cottages, each having a capacity from 25 to 60 beds. The patients con- 
tracting the infections lived in 10 of the cottages. At the onset of the 
disease, the patients were removed from their respective cottages, treated 
in the hospital until completely recovered, and then returned to their 
original cottages. Throat cultures were obtained routinely on all hospital 
admissions. Cultures from superficial skin lesions, nasal and vaginal dis- 
charges were obtained when these manifestations were noted. Only those 
individuals from whom the beta hemolytic streptococcus could be isolated, 
and who showed clinical evidence of streptococcal disease, were included 
in this study. 

The first blood sample was obtained from 2 to 4 weeks following the 
onset of the acute infection. Subsequent samples were taken at approxi- 
mately monthiy intervals thereafter. At least 6 monthly examinations 
were carried out on all patients. 

Rhinopharyngitis or tonsillitis was present in 25 patients; 3 had sup- 
purative otitis media; 2 scarlet fever; 1 erysipelas; and 1 patient had 
streptococcal vaginitis with localized dermatitis. All patients recovered 
without any significant complications. 

During the acute stage of the infection, the patients were treated symp- 
tomatically except for 9 cases, 5 of whom received sulfanilamide and 4 
sulfathiazole. The dose of the sulfonamide drugs was calculated on the 
basis of approximately 1 gr. per pound, not exceeding 6 gm. per day. 

The antistreptococeal fibrinolysin tests were performed according to 
the technique of Tillett and Garner® as modified by Boisvert.! All tests 
were run in a 37° C. water bath and were arbitrarily terminated after 
24 hours. The results were recorded as follows: 

4+-, no lysis in 24 hours. 
3+, complete lysis in 8 to 24 hours. 
2+, complete lysis in 3 to 8 hours. 
1+, complete lysis in 1 to 3 hours. 

0, complete lysis in less than 1 hour. 

Three strains of beta hemolytic streptococci (Lancefield, Group A) were 
used. All were obtained from patients with acute pharyngitis and were 
capable of lysing normal human plasma clots in less than 15 minutes. 


Results. The results have been summarized in the accompanying 
charts and tables. Chart 1 compares the age distribution of the 
patients with that of the inmate population of the institution. It 
will be noted that between the ages of 6 to 35 there is no special 
age group showing increased susceptibility to hemolytic streptococcal 
infections. 

Chart 2 presents in graphic form the resultsof the antifibrinolysin 
tests. The results are shown as the percentage of the total number 
of patients who exhibited the different degrees of plasma clot resist- 
ance for each of the 6 months following the acute infection. Within 
| month after the onset of the infection, almost 80% of the patients 
had a plasma clot resistance of at least 24 hours duration. This 
value gradually decreased to about 5% by the 6th month. Tillett, 
Edwards, and Garner? found that the plasma clots of “normal”’ 
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0*, Complete lysis in less than 1 hour 
1+, Complete lysis in 1 to 3 hours. 
2+, Complete lysis in 3 to 8 hours. 
3+, Complete lysis in 8 to 24 hours 
$+, No lysis in 24 hours. 

CuHarT 2.—Occurrence and persistence of anti-fibrinolytic resistance following 
acute hemolytic streptococcal infections. 
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persons, ¢. ¢., those persons with no history of antecedent strepto- 
coccal infections, were completely lysed in 75% of the cases in less 
than | hour, and in every case in less than 4 hours. If we consider 
a clot resistance of 3 hours as the probable upper limit of “ normal” 
resistance, it will be noted that as late as 4 months after the acute 
infection, 40% of our cases had maintained an increased clot 
resistance, and that 6 months after the infection about 25% of the 
patients continued to show an increased clot resistance. On the 
other hand, about 159% of the patients showed at no time during 
this study a significant increase in their clot resistance. The 5 
patients in the latter group were diagnosed during their acute illness 
as follows: erysipelas, 1 case; streptococcal vaginitis and dermatitis, 
| case; acute otitis media, 1 case; and pharyngitis, 2 cases. 
TasLe 1.—-Errecr or AGE ON THE DEVELOPMENT OF ANTIFIBRINOLYTIC 
RESISTANCE 
(Percentage of persons having plasma clots that resisted streptococcal fibrinolysis 
for more than 3 hours) 


Months 
Age range 1 2 3 4 5 6 
6 to 13 yrs.3* 62 62 54 23 15 15 
14 to 35 yrs.'9 90 75 65 50 33 35 


* Number of cases. 


Table 1 was prepared to show the effect of age on the develop- 
ment of plasma clot resistance. In this and subsequent tables, 
plasma clots that resisted fibrinolysis for at least 3 hours are con- 
sidered positive. The values given are the percentage of patients 
in each group that exhibited positive tests during each of the 6 
months covered by this study. Although the percentage of patients 
with positive tests was smaller in the younger group for each 
month, analysis of the results showed that the differences were 
not statistically significant (a difference between the two percentages 
of at least twice the standard deviation of the difference was con- 
sidered significant). 

Table 2 evaluates the effect of the duration of the acute infection 
on the development of plasma clot resistance. The patients were 
divided into 2 groups: those in which fever (100.6° F. or higher) 
was present for 3 days or less, and those in which the febrile period 
Paste 2.—ReLATIONSHIP OF Days OF FEVER TO ANTIFIBRINOLYTIC RESISTANCE 


Percentage of persons having plasma clots that resisted streptococcal fibrinolysis 
for more than 3 hours) 


Months 
Duration of fever* 1 2 3 4 5 6 
lto 3 days'*} SO 67 51 40 27 27 
tto 16 days! SS 82 59 35 24 24 


100.6° F. or higher. 
t Number of cases. 
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persisted for more than 3 days. A comparison of the percentage 
of patients showing a positive test in each group for each of the 6 
months vields no significant differences. 

Discussion. Our observations on the incidence of the develop- 
ment of plasma clot resistance to the streptococcal fibrinolysin 
following proven cases of streptococcal disease is in agreement with 
the findings of others.'“:7 From 15 to 25% of individuals recovering 
from streptococcal infections fail to develop plasma clot resistance. 
From the clinical aspect, there was nothing to distinguish these 
individuals from those in whom resistant clots were found. A 
special study was carried out to compare these individuals with the 
so-called “normals’’ who also exhibit rapidly lysing plasma clots. 
These studies will be reported in detail at a later date. However, 
it was not possible to demonstrate any significant differences in 
the sera or plasma clot between the individuals without a history 
of a recent streptococcal infection (“ normals’’) and those individuals 
recovering from an acute streptococcal infection but not developing 
plasma clot resistance. 

Except for isolated observations, there are no significant data 
available as to the effect of age on the ability of individuals to 
develop antifibrinolytic plasma clots. In order to obtain an adequate 
number of cases in each group for statistical analysis, the patients 
were divided into 2 groups with 14 vears arbitrarily being chosen 
as the critical age. Under these conditions, no differences could be 
noted between the 2 groups as regards the incidence of positive 
antifibrinolysin tests. If we assume that the positive test represents 
an antibody response to a hemolytic streptococcal infection, the 
results obtained are in agreement with data previously published 
which also indicated that age (between 6 and approximately 40 
vears) had no significant effect on the development of the specific 
agglutinins following typhoid vaccinations; a similar finding was 
noted in the demonstration of the natural heterophile (sheep cell) 
agglutinins.° 

Perry’ found that of 15 individuals with a previous history of 
rheumatic fever who developed acute streptococcal throat infections, 
the administration of aspirin daily for 6 weeks was associated with 
the failure of 13 cases to develop plasma clot resistance. Similarly, 
of 6 cases with rheumatic heart disease who developed rheumatic 
relapses following streptococcal throat infections, the administra- 
tion of aspirin was associated with the finding of negative anti- 
fibrinolysin tests in 4 patients. In our study, there were 13 patients 
that received aspirin during the acute stage of their infection. 
Howeve7, there was no evidence that this group in any way differed 
from those not receiving aspirin as to the incidence or persistence 
of a positive antifibrinolysin test. The explanation for this difference 
in results is not clear. 

The administration of sulfonamide drugs during the acute phase 
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of the streptococcal infection apparently had no significant effect 
on the plasma antifibrinolytic activity. This is in agreement with 
the findings of Kirby and Rantz* who carried out both in vivo and 
in vitro experiments to test this possibility. 

No evidence was found that the duration of the acute phase of 
the original streptococcal infection, or its severity, was related to 
the subsequent development of antifibrinolytic activity. There are 
no similar data obtained from patients with streptococcal infections 
available in the literature for purposes of comparison. However, 
Perry’ and Boisvert® noted that individuals with acute rheumatic 
fever behaved similarly to patients recovering from streptococcal 
infections in that 75 to 85% of the cases in each group developed 
resistant plasma clots. These authors agree with Coburn and Pauli* 
that rheumatic attacks may be initiated by a previous streptococcal 
infection. In those patients with acute rheumatic fever, Perry® also 
found no correlation between the antifibrinolytic activity and the 
duration or the intensity of the infection. On the other hand, 
Boisvert? and Waaler® concluded that this correlation did exist in 
their patients with rheumatic fever. It is apparent that further 
observations are needed before any definite conclusions can be 
drawn concerning this relationship. 

Summary and Conclusions. A study of 32 individuals convalescing 
from acute hemolytic streptococcal infections was carried out. The 
observations may be summarized as follows: 

|. Between the ages of 6 and approximately 35 years, there was 
no special age group showing an increased susceptibility to hemolytic 
streptococcal infections. 

2. The antistreptococeal fibrinolysin test is positive (7. e., the 
plasma clot resists lysis for more than 3 hours) in approximately 
85% of the patients during the Ist month following the acute infec- 
tion; in 65° during the 2d month; 60% the 3d month; 40% the 
fth month; 25% during the 5th and 6th months. 

3. The development of a positive antifibrinolysin test between 
the ages of 6 and approximately 35 years is not significantly in- 
fluenced by age. 

!. The duration and severity of the original infection is not 
significantly related to the subsequent development of increased 
clot resistance. 
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THE SPECIFIC GRAVITY OF WHOLE BLOOD AND SERUM 


By P. A. Gray, Lizvut.—Comm., M.C.. U.S.N.R. 
AND 


A. H. M.D. 


SANTA BARBARA, CALIF. 
(From the Research Department of The Santa Barbara Clinic 


Tue following drop method for measuring the specific gravity of 
the blood, as described by Barbour and Hamilton,? affords a rapid 
and accurate estimate of the state of hydration as well as the serum 
protein content of the circulating blood. The technique is easily 
acquired and, as stated by the originators, the results are accurate 
to within + .0001, thus far exceeding the accuracy of other measure- 
ments, such as red cell and hemoglobin determinations, commonly 
used for this purpose. Some of the clinical applications of this pro- 
cedure have been explored by Scudder;* but as it has not come into 
the widespread use which it seems to deserve, an appraisal of our 
experiences of its application to the estimation of normal and patho- 
logic states may be of interest. 

Normal Values. The average serum specific gravity value of 
194 specimens of blood obtained from 101 office patients with minor 
ailments, and individuals requesting premarital Wassermann tests, 
was 1.0266+.0010 (range 1.0242 to 1.0299). No differentiation as 
to sex was attempted. The distribution is plotted in Chart 1. 

Variations of serum specific gravity from day to day in the same 
individual were extremely slight, as evidenced by an average of 
1.0264 + .00036 for 17 determinations in | young male (Table 1). 


TaBLeE 1.—NorMAL Speciric GRAVITY OF SERUM 


No. of No. of 

of cases determinations Average tange 

101 194 1 0266 + 0010 1 0242-1 0299 
N.B 17 1. 0264+ 00036 1 0260-1 .0271 
16 1.0264 + 00094 1.0251-1.0281 
E.S. 27 1 0270+ 00095 1 0252-1.0288 


(diabetic) 


In a young female followed for 16 days, the average was 1.02636+ 
00094. The occurrence of menstruation during this period was 
without apparent effect. In a young, otherwise healthy, diabetic 
followed for a month, slightly greater variability was encountered 
which could not be correlated with the blood sugar level (Table 1). 

These normal values, while based on a larger series than any 
previously reported, agree substantially with those of other observ- 
ers and with the results obtained by other techniques (Table 2). 
The variation in values, although slight, encountered among normal 
individuals, far exceeds the error of the method. Theoretically, the 
serum specific gravity might vary with the water content of the 
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blood, the concentration of serum protein, or the concentration of 
lipids, catabolites and electrolytes. The influence of the first named 
is evident in pathologic states, to be discussed later. Moore and 
Van Slyke*® have shown that a straight line correlation exists be- 
tween serum specific gravity and concentration of serum protein. 
It seems unlikely that the latter should change greatly from day to 
day. The effect of variation in electrolytes and other solutes is not 
known with certainty, but is probably not appreciable. We suspect, 
therefore, that the variations encountered represent primarily the 
effect of water shift between blood and tissues. 


_..CONTROL GROUP 
PATHOLOGICAL CASES 


PERCENTAGE 

20. FREQUENCY 
CURVE 
| 


| 
! 
SERUM SPECIFIC GRAVITY 
Cuart 1 
TABLE 2.—SerRuM Speciric GRAVITY 
Author Cases Method AV SD R 
Moore-Van Slyke* 9 Gravimetric 1.0270 1 0253-1. 0287 
1930 
Ashworth-Adamst 20 Hematocrit 1.0261¢ .00117 1 0240-1 .0293 
1941 
Gray-Elliot 101 Falling drop 1 0266 0010 1 0242-1 0299 
1941 
* Males only. + Plasma. t Recalculated. 
AV = Mean value. SD = Standard deviation. R = Range of values. 


The average whole blood specific gravity of 32 normal individuals 
averaged 1.0557 + .0020. The range was 1.0501 to 1.0619 (Table 3). 
A close correlation between the number of red blood cells per ¢.mm. 


\ 
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and the whole blood specific gravity was apparent, as shown on the 
spot diagram (Chart 2).* This obtained in both normal and 
pathologic states. 


TABLE 3.— NORMAL SPEcIFIC GRAVITY OF WHOLE BLOOD 


No. of Average red Average whole 
No. of deter- cell count Range blood specific 
cases minations (millions) millions) gravity Range 
32* 32 494+ 54 3.92-6.15 1.0557 + .002 1.0501-1.0619 
126 5 70+ +. 05-7 .00 1.0638 = 0036 1 .0577-1 .0743 
* Adults. + Babies. 
[INFANTS | 
ADULTS | 
7 
x 
4} e 
3 
° ° ° ° ° ° 
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CHART 2 


The Specific Gravity in States of Altered Physiology. Since the 
whole blood and serum specific gravity vary directly with the num- 
ber of red cells and serum protein concentration respectively, any 
disease in which either constituent is altered will influence the cor- 
responding specific gravity determination. It, therefore, follows 


* Interpolation of our results in the Cartesian equation gave the following formule: 


Normal cases: Whole blood specific gravity = 1.044 + 0.0023 K R.B.C. (in 
millions). 

Diabetics: Whole blood specific gravity = 1.0372 + 0.0038 « R.B.C. (in 
millions). 

Newborns: Whole blood specific gravity = 1.0467 + 0.0032 * R.B.C. (in 
millions). 


It will be seen that there is a slight but distinct difference in the slope of the linear 
correlation obtained from our data on normal adults, diabetics and newborns. 
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that the whole blood and serum specific gravity do not necessarily 
follow a reciprocal relationship. However, it is obvious that any 
change in the water concentration of the blood, since it affects the 
number of red cells as well as the serum protein, will be reflected by 
a proportionate rise or fall in both the whole blood and serum 
specific gravity. 

Effect of Altered Red Cell Count. The average of 9 determinations 
of serum specific gravity on 3 patients with anemia was not sig- 
nificantly below the normal value (1.0261 + .0006), whereas the 
whole blood specific gravity values varied directly with the red cell 
count (Chart 2). In a case of polycythemia vera, having a hemo- 
globin of 19.2 gm. (115%) and a red cell count of 7.5 million, 
repeated observations of the serum specific gravity gave normal 
readings. Thus it appears that serum specific gravity and, hence 
by inference, the serum protein level are not influenced by the con- 
centration of hemoglobin or cellular elements. The influence of 
physiologic polycythemia upon the whole blood specific gravity, 
however, is well exemplified by a study of the newborn, in whom 
definitely high values were encountered (Table 3). 

Effect of Altered Serum Protein Concentration. It has not been 
possible to study instances in which serum protein values were 
increased, but it is of interest that in 5 patients with active allergic 
symptoms, slightly elevated serum specific gravity values were 
found (average 1.0283+.0011). Unfortunately, direct measure- 
ments of serum protein were not made, but as there was no reason 
to suspect dehydration in these individuals it seems safe to assume 
that slight hyperproteinemia was present. This merits further 
investigation. Low serum specific gravity values have been encoun- 
tered in a number of patients having disorders commonly associated 
with hypoproteinemia. In 3 instances of portal cirrhosis, the values 
ranged from 1.0269 to 1.0226, averaging 1.0242 (= serum protein 
5.88%). One patient with nephrosis had values from 1.0242 to 
1.0201; in an eclamptic, a range from 1.0246 to 1.0206 was encoun- 
tered. It is of interest that all but 2 of a group of 17 pregnant but 
healthy women showed slightly lowered serum specific gravity 
values irrespective of the duration of pregnancy (Table 4). 

The effect of loss of serum protein by hemorrhage is illustrated 
by a serum specific gravity value of 1.0218 shortly after a sudden 
massive hemorrhage sufficient to reduce the number of red cells to 
3.9 million and the hemoglobin to 11.3 gm. (67%). While some of 
this lowering was doubtless due to sudden dilution, regeneration of 
the serum protein was believed to be slow in comparison to cellular 
elements because the serum specific gravity reading had not changed 
after 14 days, although the red cell count had risen. 

Conditions Influencing Water Content of Blood. States of chronic 
hydremia or anhydremia are probably uncommon due to the extra- 
ordinary efficiency of the mechanism for maintaining homeostasis. 
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We have observed an instance of diabetes insipidus, partially con- 
trolled with pituitary extract, in whom a state of anhydremia was 
apparently constant, the serum specific gravity on repeated deter- 
minations varying from 1.0267 to 1.0315. Depression of the re- 
sorptive capacity of the renal tubular cells with resultant blood 
concentration affords an adequate explanation, but it is surprising 
that this condition obtained in spite of an unlimited fluid intake. 
An alternative hypothesis, namely, that there was an actual increase 
in serum protein in this instance, unfortunately was not investigated. 


TABLE 4.—SeERUM Spectric GRAVITY VALUES IN PREGNANCY 


I'rimester Specific gravity 
1 0236 
D. A. I 1 0253 
A. l 1 0253 
1 0236 
2 1 0289 
G.H 2 1 0237 
L. J 2 1 0256 
2 1.0255 
G.s 2 1 0242 
J. M. 2 1 0254 
C. Z. 2 1 0241 
H. A. 1 0283 
K. K. 3 1 0257 
K. O. 3 1 0236 


The diabetic state, particularly if uncontrolled, is known to disturb 
the water metabolism of the body, but a chronic state of hydremia 
or anhydremia, as measured by serum and whole blood specific’ 
gravity determinations on a large group of diabetic patients, has 
not been encountered (Table 5). The average values have been 
close to the normal, but the spread was greater as the group in- 
cluded some individuals in mild acidosis, in whom dehydration of 
some degree was probably present. The presence or absence of 
ketonuria and the level of the blood sugar did not consistently 
influence the specific gravity values. 


TaBLe 5.—SeRUM AND WHOLE BLoop Speciric Gravity IN DIABETICS 


Serum Whole blood 
Number of cases 44 44 
Number of determinations 99 212 
Average red blood cells (millions 497+ 68 
(Average serum specific gravity 1 0266 + 0019 
Range 1.0219-1 0333 
Average whole blood specific gravity 1 0560 = 0039 
Range 1 0436-1. 0667 


Specific gravity determinations find their greatest clinical useful- 
ness as an aid in the maintenance of proper body hydration in acute 
metabolic disturbances, as exemplified by the postoperative period. 
Seventy-two observations of serum specific gravity during the im- 
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mediate postoperative period of 14 subjects who had undergone 
major surgical procedures gave an average reading of 1.0239 + .OO17. 
We interpret this as indicative of a tendency toward hydremia, 
although the amount and type of fluid given in each instance was 
strictly in accord with usual clinical practice. While repeated deter- 
ininations of the red cell count, hematocrit value, or serum protein 
concentration would have revealed this same tendency, these pro- 
cedures are time-consuming, relatively inaccurate, and often too 
expensive to be repeated at short intervals. The practical applica- 
tion of specific gravity determinations to the care of the postopera- 
tive patient may be indicated by the following cases. 
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Case Abstracts. Case1. <A white male, aged 59, a known mild diabetic, 
was admitted to the hospital July 8, 1940, with acute cholecystitis. The 
patient was in relatively good condition. As seen in Chart 3, his blood 
sugar measured 291 mg. per 100 ec., his carbon dioxide combining power 
was 69 vols. “;. Ketonuria was absent. The whole blood specific gravity 
(1.0559), however, indicated slight dehydration. He was immediately 
given 500 cc. of Hartman’s solution by venocylsis, and 1000 ec. normal 
saline by hypodermoclysis. During the operation that evening he received 
500 ee. of 5°; dextrose in normal saline. On the following morning a lower 
whole blood specifie gravity indicated a satisfactory degree of hydration 
but the rising values later in the day and an extremely low urine output 
prompted the administration of more fluid. It will be noted that these 
changes were not accurately reflected by the red blood cell count which 
remained fairly constant. From the second day when fluids could be taken 
freely by mouth, the whole blood specific gravity and red blood cell values 
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remained fairly constant, as shown in the accompanying chart. Both the 
whole blood specific gravity and erythrocyte determinations were made at 
2 hour intervals throughout the first day, at 4 hour intervals the second day, 
and twice daily thereafter. 

Case 2.—This case (Chart 4) is presented to show what degree and dura- 
tion of change in the blood-water content may occur during the postopera- 
tive period when the usual routine administration of 3000 ec. of fluid during 
the first 24 hours is followed. 
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A white female, aged 70 years, was found by cholangiography performed 
3 weeks after an uneventful cholecystectomy, to have a stone in the com- 
mon bile duct. Choledocholithotomy was undertaken. Specific gravity 
studies were carried out as in the first instance but fluids were given irrespec- 
tive of the specific gravity values obtained, and in accord with the usual 
practice of giving 3000 ec. in the first 24 hours. The chart shows that in 
comparison with the first case the magnitude and duration of change in the 
specific gravity values from the preoperative level was much greater. The 
curve may be interpreted as indicating that a state of relative anhydremia 
persisted over a period of 48 hours. This is in contrast to the first instance 
in which the water content of the blood was stabilized within 18 hours. 


Since the prevention of postoperative complications may depend 
in some degree upon our skill in maintaining homeostasis, a rapid 
and reliable measurement, which helps to substitute rational adjust- 
ment of therapy for the rule of thumb procedure, is welcome. 
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Summary. |. Normal values for serum and for whole blood 
specific gravity, obtained by the Barbour and Hamilton Falling 
technique, were determined. 

2. The influence of physiologic states, such as menstruation, 
pregnancy, age, daily individual variation, and so forth, was studied. 

3. The influence of pathologic states in which variation from nor- 
mal of certain blood constituents such as red blood cell, serum pro- 
tein, and water content upon blood specific gravity determinations 
was observed. 

4. The correlation between the red blood cell count and the whole 
blood specific gravity was determined. 

5. The practical application of this technique to the estimation 
of fluid need in the postoperative state was illustrated and its value 
in treatment suggested. 


We wish to thank Mr. Elihu Suits for technical assistance. 
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CHEMICAL FRACTIONATION FROM EXUDATES OF A FACTOR 
PROMOTING LEUKOCYTOSIS 


By VaLty Menkin, M.D. 
ASSISTANT PROFESSOR OF PATHOLOGY, HARVARD UNIVERSITY MEDICAL SCHOOL 
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M. A. Kapisn, A.B. 


with the assistance of A. A. WARREN, M.A. 
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(From the Department of Pathology, Harvard University Medical School) * 


EARLIER studies by one of us have demonstrated that inflam- 
matory exudates contain a leukocytosis-promoting factor capable 
of eliciting a discharge into the circulation of immature polymorpho- 
nuclear leukocytes from the bone marrow.! The resulting leuko- 
cytosis appears relatively early and remains sustained for at least 
several hours. The leukocytosis-promoting factor (denoted LPF) 
was subsequently found to be apparently a pseudoglobulin.2? The 
factor was recovered from exudative material derived from dogs, 
rabbits and man.!**4 The inflammatory reaction from which the 
exudates were derived was induced by a variety of unrelated 

* This article represents Paper XXIV of a series entitled ‘Studies on Inflam- 
we nial was aided by grants from the Daland Fund of the American Philo- 


sophical Society, from the Permanent Science Fund of the Academy of Arts and 
Sciences, and from the Jane Coffin Childs Memorial Fund for Medical Research. 
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irritants. These studies on the presence of a leukocy tosis-promoting 
factor in exudates of rabbits have received confirmation in the hands 
of Reifenstein and his collaborators.’ Further studies have indicated 
that the active globulin can be demonstrated to be present only in 
the blood serum of animals having a concomitant inflammatory 
reaction.” This supports the view that the factor is liberated at the 
site of inflammation and evidently reaches the bone marrow via 
the circulating blood. 

These various studies have offered a reasonable explanation for 
the mechanism of leukocytosis associated with various inflammatory 
processes. Inasmuch as the prognosis of numerous infectious con- 
ditions is referable to the number of circulating leukocytes,® it is 
conceivable that the LPF may yet prove to be of clinical significance. 
For this reason an attempt has been made to obtain the active 
fraction in a desiccated form which could be conveniently handled, 
and vet which could maintain its potency as well as its stability. 
In a preliminary earlier report, one of us has reported on the feasi- 
bility of such a preparation.® The present brief communication 
represents additional data to substantiate this preliminary finding. 


Method. Exudates were generally obtained, as described in previous 
reports,!? by inducing an acute pleural inflammation in dogs with the 
injection of about 1.5 ec. of turpentine. In several instances exudative 
material was also obtained from either the pleural or the peritoneal cavity 
of human patients. 

The method of preparing the LPF in desiccated form has been briefly 
described by one of us in a preliminary note’ and is briefly restated here: The 
exudate is treated with saturated ammonium sulphate so as to induce 
precipitation at half saturation. The precipitate is not readily separated 
from the supernatant phase by ordinary centrifugalization. For this reason 
the whole mixture is dialyzed for about 24 hours against running tap water.* 
On the following day the indiffusible material is reprecipitated with am- 
monium sulphate at half saturation. Prolonged centrifugalization now yields 
moderately good separation. The precipitate is taken up in distilled water 
and dialyzed against tap water until it is free of SO,=. The indiffusible 
material is then dried at about 35° C. in a vacuum oven to a brittle crystal- 
loid-like faintly brownish powder. The process of desiccation does not 
seem to impair the potency of the material, for biologie activity was found 
apparently unaltered in such fractions several months following their 
preparation. 

Approximately 100 mg. of the fraction containing the LPF was taken 
up either in saline or in a phosphate buffer at pH of about 7.4 and injected 
into the circulating blood by cardiac puncture.t!? Several dogs were also 


* This amount of the fraction was roughly estimated to be the equivalent of 
about 20 to 25 ec. of the original exudate. In some experiments considerably larger 
amounts of the fraction were injected but the effect on the leukocyte level was not 
correspondingly enhanced. In further purified fractions (unpublished studies), 
13 to 15 milligrams were found sufficient to induce a marked leukocytosis. 

+t In an earlier preliminary note another step was introduced here, namely, treat- 
ment with ether presumably to remove the lipoprotein fraction. Subsequently it 
was found that omission of this step does not impair the potency or stability of the 
material. Furthermore, as pointed out below, elimination of the euglobulin fraction 
favors the production of a more active fraction (unpublished studies). 
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injected subcutaneously with the material. Leukocyte counts were made 
at approximately every hour for periods ranging from 6 to 13 hours. On 
the subsequent days several counts were made, and such measurements were 
usually continued until the original basal leukocytie level was attained. 
Blood samples for the counts were obtained by nicking with a razor the 
small vessels of the ear. 


Results. In earlier studies repeated counts were performed in 
order to ascertain the range of normal variation in the absolute 
number of circulating leukocytes for a period that approximated 
the usual duration of an experiment.'? In one such series the 
maximum fluctuation in the leukocyte counts was found to average 
25.80 ).' In a subsequent series the increase was found to average 
26.26,.2 Such a test was likewise made in the present studies. The 
data appear in Table 1. It is clear that the degree of variation is 
of about the same magnitude as in earlier studies. The maximum 
increase in the number of circulating leukocytes of untreated dogs 
over a period ranging from 5 to 13 hours averages 29.2%. 


TasBie 1.—VaRtaTIon IN Waite Counts ON BLoop oF NorMaL Dogs 


Lowest number of Highest number of 
leukocytes within a leukocytes within a 
period ranging from period ranging from Increase in 
about 5 to 13 hours about 5 to 13 hours leukocytes 
Dog No (per ¢.mm.) (per ¢.mm.) (%) 
7-19 6,500 11,600 78.5 
7-3 13,000 17,850 .3 
1-73 11,050 13,750 24 4 
7-33 15,750 18,600 18 1 
7-18 13,250 15,600 17.7 
7-19 9,900 11,500 16.1 
7-31 18,400 20,600 12.0 
Average 12,550 15,643 29.2 


2. or THE LEUKOCYTOSIS-PROMOTING Factor (DESICCATED Form) 
on Leukocyte Counts 
Highest level of leu- 
Absolute number of kocytes within about 


leukocytes prior to 4 to 10 hours after Increase in 
injection of material injection of material leukocyte count 
Dog No. (per ¢.mm.) (per ¢.mm.) (%) 
7-19 12,150 31,750 161.3 
7-19 8,550 21,950 156.7 
7-31* 9,900 22,400 126.3 
7-18 8,150 16,900 107.4 
7-31* 11,650 22,600 94 0 
1-73 12,650 20,950 65.6 
7-31* 18,450 30,500 65.3 
7-31 13,150 21,400 62.7 
4-73 15,150 24,300 60.4 
7-19 15,000 23,750 58.3 
4-73 12,750 20,150 580 
7-18 15,150 23,150 52.8 
4-73 15,950 23,950 50.2 
Average 12,973 23,365 86.1 


* LPF extracted from human exudates; all others obtained from pleural exudates 


ol dogs. 
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The effect on the leukocyte level induced by the LPF in desiccated 
form is of the same order as in earlier observations.'* The results 
of all experiments appear in Table 2. There is a significant increase 
of 86.1% in the number of circulating leukocytes. This represents 
a conspicuous rise above the effect of normal variation (Tables | 
and 2). The fractions obtained from human exudate proved to be 
as effective as those derived from dogs. A comparison of the effect 
of 50 ce. of whole exudate obtained from a patient with that of the 
desiccated fraction extracted from the same exudative material is 


° 
Desiccalea LPF 
Dasiceated LPF 
Whole Exuaate (50°) 
Time: Hour Leter 


CuHart 1.—The effect on the leukocyte level of the leukocytosis-promoting factor 
in desiccated form. The material was extracted from a sample of human exudate. 
--o---o About 100 mg. of the desiccated material was introduced into the blood 
stream of Dog 7-31. oO o— The desiccated material equivalent to about 
31 ce. of exudate was injected into the same dog on a different day. eee 
Fifty cubic centimeters of whole exudate injected likewise into Dog 7-31 on a sub- 
sequent day. Note that the effect on the leukocyte level of these 3 fractions is in 
general of the same order of magnitude. 


shown graphically in Chart 1. It is clear that the rise in circulating 
leukocytes is in both cases of about the same magnitude. It is to 
be noted that there may be an initial transient leukopenia immedi- 
ately following the introduction of the active material. This tem- 
porary drop has been encountered previously.! The reason for the 
initial leukopenic manifestation is not clear. It is conceivable that 
it may be referable to some toxic impurities. The induced leu- 
kocytosis by the LPF may be sustained for as long as 24 hours 
(Chart 1). 
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In several experiments, the LPF in desiccated form was injected 
subcutaneously in the thigh of dogs. In general, introduction of 
about 100 mg. of the material by the subcutaneous route induced 
Tasie 3.—Errecr or LPF (Desiccatep Form), INJECTED SUBCUTANEOUSLY, ON 

Counts 


Highest level of leu- 
Absolute number of kocytes within about 


leukocytes prior to 6 to 24 hours after Increase in 
injection of material injection of material leukocyte count 
Dog No. (per c.mm.) (per c.mm.) (%) 

7-33 7,200 17,750 146.5 
7-31 10,500 20,700 97.1 
7-33 15,900 30,800 93.7 
7-34 7,650 12,750 66.7 
7-34 8,750 13,550 54.9 
7-31* 21,150 32,000 51.3 
7-314 11,750 11,850 1 0 
Average 11,843 19,914 73.0 


* LPF derived from canine exudate; all others were of human origin. 


+ Considerable local inflammation developed at site of injection of LPF. 


somewhat similar results as described above (Table 2). The maxi- 
mum effect, however, was sometimes found to appear somewhat 
later than when the material was introduced directly into the cir- 
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Cuartr 2.—The effect of subcutaneous injection of the dried LPF obtained from 
human exudate on the leukocyte level of dogs. 


culating blood. This is quite likely referable to differential rate of 
absorption from the site of injection. The effect of such experiments 
(Table 3) is shown graphically in Chart 2. Furthermore, it is to be 
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noted that Dog 7-31 at one time failed to yield a rise in the number of 
circulating leukocytes following subcutaneous injection of the LPF 
(Table 3). Concomitantly with this lack of response there was found 
a pronounced inflammatory reaction at the site of injection. Inflam- 
mation is characterized by marked proteolysis.” It is conceivable, 
therefore, that the LPF might have been hydrolyzed by proteolytic 
activity at the site of the developing inflammation in the sub- 
cutaneous tissue. It is also possible that the material was fixed 
in situ by the acute inflammatory reaction and thus failed to pene- 
trate readily into the blood stream.4 These two explanations would 
perhaps adequately account for the failure of response in this par- 
ticular experiment. Studies are in progress in an endeavor to 
purify further the LPF from the possible presence of impurities 
which may account in part for the occasionally marked local 
inflammatory reaction when the material is injected subcutaneously 
and perhaps also for the transient initial leukopenia when it is 
introduced directly into the circulation.* 

Conclusions. [arlier observations have demonstrated the pres- 
ence of a leukocytosis-promoting factor (LPF) in inflammatory 
exudates of various experimental animals and man.'2* Subsequent 
chemical studies have shown this factor to be associated with the 
pseudoglobulin fraction of exudates.2 The active globulin penetrates 
into the circulation from the site of inflammation and eventually 
induces a discharge of immature leukocytes from the bone marrow.’ 
This active factor can be readily desiccated. In the dried form it 


maintains both its potency and its stability for many months. The 
effect on the number of circulating leukocytes can be readily elicited 
by intravascular and to some extent by subcutaneous administra- 
tion. 
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* Further studies by the senior author have indicated that preliminary removal 
of the euglobulin and albumin fractions from exudates will yield in the residual 
pseudoglobulins a more potent fraction, usually free of any tendency to induce either 
local inflammation or the initial transitory leukopenic phase. The level in the number 
of circulating leukocytes may increase within several hours 200 to 300%. Such potent 
fractions of LPF induce marked hyperplasia of the bone marrow. Furthermore, 
the LPF can be conveniently dried by the in vacuo freezing method described by 
Mudd and his collaborators. These more recent studies will be reported in extenso 
elsewhere. 
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The presence in the blood of the agglutinogen Rh was first 
described in 1940 by Landsteiner and Wiener.' The close relation- 
ship of this agglutinogen to the development of erythroblastosis 
fetalis was pointed out by Levine, Katzen and Burnham.‘ Since 
then other articles have appeared which have corroborated this 
finding. The purpose of this paper is to report 6 cases of erythro- 
blastosis fetalis which lend support to the thesis of isoimmunization 
of the mother by the Rh agglutinogen from the fetus as being 
responsible for erythroblastosis fetalis of the latter. 

Methods. ‘Testing for the Rh factor is a delicate procedure, and 
has been fully described several times.'?+°° The method of testing 
for the presence of anti-Rh substance when Rh— bloods are found 
is also described in the above articles. 


Cases and Discussion. Case1. Mrs. 8.* isa 31 year old para i, gravida 
iv, Wassermann negative. Her obstetric history is of interest. The first 
pregnancy ended with the full-term spontaneous delivery of a normal 
female infant 10 years ago. The second pregnancy, 3 years ago, terminated 
in a full-term male infant, following a very short precipitate labor. The 
infant died 3 days after birth. The patient was told by her physician that 
the cause of death was “jaundice.”” The 3d pregnancy, one year ago, 
resulted in a full-term stillborn female infant, labor again precipitate. The 
patient felt life until onset of labor. The 4th pregnancy was complicated 
by a moderately severe toxemia. The patient felt life again until the onset 
of labor, which was at term, and on October 20, 1941 she delivered a still- 
born female infant. Unfortunately an autopsy on the infant was not 
obtained, nor was the placenta examined microscopically. No blood was 
obtained from the infant. However, the description of the baby was the 
classical one of congenital hydrops of the newborn. The baby was described 
as being extremely edematous, the edema of the face being so extreme that 
the optic apertures could not be found except after considerable search. 

We obtained a sample of blood from Mrs. 8. 24 hours after delivery and 
found her blood to be Group O Rh—. The serum was tested for anti-Rh 
and we found a titer of 1:64. (We sent some of this blood to Dr. Alexander 
Wiener who confirmed our findings.) The husband’s blood was found to 
be Group A Rh+. Blood drawn from Mrs. 8. on January 10, 1942, 10 weeks 
after delivery, contained no anti-Rh substance. 


* We are indebted to Dr. 8. B. Peters of Silver Creek, N. Y., for the history and 
blood samples on this patient. 
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We can conclude then from this case, even though we have no concrete 
evidence from the infant in the way of blood Rh determinations, blood 
smears, autopsy, or placental sections, that the infant probably suffered 
from the congenital hydrops type of erythroblastosis fetalis, and it is 
probable that the previous 2 pregnancies resulted in infants which had 
one of the types of erythroblastosis. These conclusions are based on the 
fact that the father’s blood was Rh+, the mother’s Rh— with a very 
high titer of anti-Rh substance in her blood 24 hours postpartum, which 
was entirely gone 2} months postpartum. The most likely explanation of 
these findings is that the infant immunized the mother against the Rh 
factor by the transmission of the Rh agglutinogen found in the fetal red 
blood cells, across a faulty functioning placenta. Once the agglutinogen 
gained entrance into the maternal circulation an immunologic reaction was 
begun, and the mother formed an anti-Rh isoantibody. This isoantibody 
then passed through the placenta to the fetus and hemolyzed the fetal red 
blood cells, resulting in the development of erythroblastosis. The reason, 
of course, that no anti-Rh agglutinin was found in the mother’s serum 
10 weeks postpartum is that the immunologic stimulus had been removed 
with the termination of the pregnancy, and the isoantibody thereafter 
gradually disappeared from the maternal organism. 


This case also serves to suggest the operation of the anamnestic 
reaction, 7. ¢., the exaggerated response to repeated antigenic 
stimuli. We see in reviewing the history that this patient had first 
a normal infant, then an infant who lived 3 days, next a stillbirth 
and finally a stillborn infant with congenital hydrops. 


Case 2. Mrs. I. M., a 19 year old para i, gravida ii, Wassermann 
negative. In November 1940 this patient delivered spontaneously in this 
hospital a full-term normal female infant. On November 27, 1941 she was 
admitted to the Gynecological Service with a diagnosis of pregnancy and 
acute gonorrheal cervicitis. The expected date of confinement for the 
pregnancy was December 1, 1941. On routine blood examination she was 
found to have a Group A Rh— blood, with serum containing anti-Rh 
substance. The titer of this was 1:16. From this it was suspected that she 
would deliver an erythroblastotic infant. That our surmise was correct is 
of importance, because we were able before delivery to have a list of Rh— 
donors available, so that transfusion could be started as soon as it seemed 
necessary. 

The patient was cured of her gonorrheal infection with sulfathiazole 
therapy and discharged from the hospital. She was readmitted December 
22, 1941, and following a 22 hour labor was delivered by breech extraction 
of a living 3260-gm. female infant. The baby cried after a little resuscita- 
tion and appeared to be normal save for the very yellow color of the vernix 
caseosa. The icterus index on the cord blood was 44. Grouping on the 
cord blood showed the baby’s blood to be Group A, Rh+, and there was 
no anti-Rh agglutinin demonstrable. The day after the birth a smear of 
capillary blood obtained by heel puncture showed 94 nucleated R.B.C./100 
W.B.C. and many basophilic R.B.C. R.B.C. count 1.91 million, hemoglobin 
8.8 gm., W.B.C. count 103,800. Subsequent developments proved conclu- 
sively that the infant was suffering from erythroblastosis. Table 1 shows 
the clinical course and laboratory data on the infant until its discharge 
from the hospital. Unfortunately blood from the father of this baby is 
not available for testing but it is safe to assume that it would be Rh+. 


Here again then, is another case in which we have an erythro- 
blastotic baby which is Rh+, with an Rh— mother in whose serum 
the anti-Rh agglutinin was demonstrable. 
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TABLE 1.—SHoOwING Course OF ERYTHROBLASTOTIC INFANT TREATED 


With Ru Bioop Transrusions (SEE Case 2) 

Date Type Rh given Reaction ont gm” count Smear Remarks 
12/23/41 Bi 7.0 44 Day of birth 
12/24/41 O 60 191 88 103,800 94 nucleated rbe Marked icterus; 

per 100 whe: edema of hands 
many haso- and feet; spleen 
philic rbe 2 cm. below c.m.; 
liver border just 
below ¢.m 
12/24/41 None 2638 10.5 
12/25/41 O 50 None 3.51 13.0 34,000 90 nucleated rbe 
per 100 whe 
12/26/41 5.00 17.0 116 nucleated 
rbe per O.1L.F 
12/27/41 O 50) None 3.17 13.4. 10,600 1 nucleated rbe. 
per 15/20 O.L.- 
12/28/41 3.8 15.0 No nucleated 
rbe 
12/30/41 oO 75 None 3.05 9.7 10,800 : 32 
12/31/41 3.7 10.8 = 10,400 Icterus clearing 

1/ 1/42 0 - 45 None 3.9 11.6 

1/ 2/42 12.0 Icterus entirely gone 

1/ 5/42 3.7 11.2 10,200 No nucleated Liver and spleen 

; rbe just palpable 

1/20/42 3.7 11.1 11.000 No nucleated Spleen not felt 

rbe 
1/22/42 . Discharged; weight, 


3400 gm. 


Probably the most important point to be learned from this case 
is that neither the mother’s nor the father’s blood should be used 
to transfuse the infant. That this idea is not new with us, we sub- 
sequently learned. Levine and his co-workers* first suggested this 
form of treatment. The mother’s blood, if given to the infant would 
be merely prolonging the detrimental effects of the infant's intra- 
uterine life because, although the infant would be receiving red 
blood cells, it would also be receiving more anti-Rh substance 
which would certainly bring about the further destruction of the 
infant’s own Rh-+ cells. 

As for transfusion with the father’s blood, it is safe to assume 
that in many cases after birth the infant must still carry over some 
of the anti-Rh substance which it derived from the mother while 
in utero. It may be in the plasma, in concentrations too low to be 
detected by our present-day methods, or it may be primarily lodged 
in the spleen and in the reticulo-endothelial system in particular, 
so that it would escape detection by blood test. At any rate it 
probably continues to exert its damaging effect on the infant’s 
Rh-+ cells for a considerable time after birth, as evidenced by the 
development of icterus and a declining red blood cell count and 
hemoglobin value. Transfusing the infant with the father’s blood 
would of course supply much needed red blood cells, but since 


‘ 
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these cells are Rh+, some, if not all, would eventually be destroyed 
by the anti-Rh substance which the infant still had in its body. 

Hence the value of using Rh— blood in transfusing these infants 
is obvious. It must be remembered, however, that the blood must 
be from an individual who has previously been tested for anti-Rh 
substance and found not to carry any of this agglutinin in the 
circulating blood. This precaution, however, is not necessary for 
male donors who have never themselves received a blood trans- 
fusion. The advisability of maintaining a list of Rh— donors need 
not be stressed. 

Case 3. Mrs. M. M.,* a 39 year old para i, gravida vill, Wassermann 
negative. The obstetric history is summarized in Table 2. This patient 
presents a fairly typical history of repeatedly giving birth to erythroblastotic 
infants. Out of 8 pregnancies, she has only 1 living child—her first. We 
obtained blood from the patient and her husband during the 4th month 
of the last pregnancy. At this time the patient was found to be Group A, 
Rh— with anti-Rh substance present in her serum. The husband was 
Group O, Rh+. About 1 month after this examination the patient aborted 
an icteric 5 months fetus. Six weeks later, her serum was found to no longer 
contain any anti-Rh substance. 


TABLE 2.—OBSTETRICAL History oF CAsE 3 


Pregnancy 


Placental 

No. ze. Duration Infant Jaundice weight 
l 1926 Term Alive Several days 22 oz. 
2 1927 Twins at 8} months Alive—died on 4th At birth 

and 5th days 
3 1928 Term Macerated 2 Ib. 3 oz. 
4 1929 8} months Stillborn 3 lb. 34 oz 
5 1932 73 months Alive—died on 4th At birth 634 gm. 

day; autopsy KK 

terus gravis 
6 1935 3} months Spontaneous abortion 
7 1937 6 months Alive —died on 3d day At birth 
Ss 1941 5 months Stillborn At birth 


Unfortunately we were unable to test the blood of the fetus, but the 
presence of anti-Rh substance in the mother’s blood during the pregnancy, 
and its absence 6 weeks following the termination of the pregnancy, would 
seem to point to the pregnancy as the etiology of the anti-Rh substance 
in the maternal circulation. 

Case 4. Mrs. R. H., a 31 vear old para 0, gravida ix, Wassermann 
negative with an obstetric history as summarized in Table 3. Our blood 
studies on this patient, her husband, and the fetus are shown in Table 4. 


This patient was catalogued in our case histories as a habitual 
aborter. However, it is unlikely that this diagnosis is correct, if 
we consider a habitual aborter as one in whom there is an insuf- 
ficiency of progesterone. Perhaps a survey of our cases of habitual 
abortion would be in order. It is just possible that some of them 
would turn out to be just such a case as this one. 

It is of interest that as early as 2 months prior to the termination 
of the pregnancy, we obtained a definite reaction for anti-Rh 
substance in the mother’s serum. Three weeks later we were unable 


* We are indebted to Dr. J. K. Quigley for the opportunity of studying this patient. 
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to detect the presence of this agglutinin, nor did we find it present 
in any of the subsequent tests up to the time of delivery. To our 
minds this does not definitely exclude the presence of the agglutinin 
in the serum at the time of the negative tests. Levine et al.* have 
pointed out that the course of antibody production in general is 
a period of gradual increase, followed by a period of maximal 
activity, then gradual decline, and that probably in some cases 
anti-Rh agglutinins, after exerting their lytic effect on the fetus, 
rapidly disappear from the blood so that none can be demonstrated 
at the time of delivery. This type of mechanism may have been 
in play in our case. However, we think it more likely that the 
agglutinin is present in the serum, but we are unable to detect it 
by our present technique. 

TABLE 3.— OBsTETRICAL History oF Case 4 (NoTE TRANSFUSION WitH 


STH PREGNANCY) 
Pregnancy 


No. Year Duration Infant 
l 1928 5 months Stillborn 
2 1931 Term Lived 1} days 
3 1932 Term Stillborn 
4 1935 Term Macerated 
5 1936 Term Stillborn 
6 1938 5 months Stillborn 
7 1939 2 months Stillborn 
S 1941 S months Macerated 
lrans- 
fusion Donor Ce. Reaction 
No. 1 Husband) 100 Precordial oppression; hot; 
Group A Rh-+ flushed; chills; Temp. 39.6°C. 
No. 2 - Group O Rh+ 450 Headache; dizziness; heaviness 
in chest; chills; dyspnea 
No. 3 Group A Rh 650 No reaction 
1941 6 months Stillborn —fetal heart not heard 
after 12 hours of labor; pale 
waxlike skin; protuberant 
abdomen; placenta large, 
pate; autopsy—erythroblas- 
tosis; placenta—erythroblas- 
tosis 
TaBLe 4.—BLoop Srupies ON Case 4 
Date Group Rh Anti Rh 
10, 9 41 Patient A 0 0 
10 15,41 
10,28 41 + 
13/17/41 0 
12/ 9/41 0 
12/25/41 Delivered 6 month stillborn 
fetus 
12/25/41 Fetus ? A ? ? 
2/27/41 Patient 0 
2/27/41 Husband A + 
1/ 3/42 Patient =e 0 
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Unfortunately we were unable to test for the Rh factor in the 
infant’s serum. A postmortem cardiac puncture was attempted 
and a large amount of pink watery serum was withdrawn by syringe. 
Testing this for the Rh factor resulted in a negative test. However 
an autopsy subsequently showed that we had not entered the heart 
at all, but had merely tapped a pericardial effusion. By the time 
we learned of this no blood was available from the infant, so the 
test could not be repeated. The autopsy findings confirmed our 
diagnosis of erythroblastosis fetalis as did the gross and microscopic 
appearance of the placenta. 

Another interesting bit of evidence is brought out in this patient’s 
Sth pregnancy (Table 3). She was moderately anemic on admission 
to the hospital and in addition had a rather brisk postpartum 
hemorrhage, so that transfusion was definitely indicated. On the 
day of delivery the patient was transfused with the husband’s 
blood (Group A, Rh+), but the transfusion had to be stopped 
after 100 cc. had been given because the patient complained of a 
sense of precordial oppression. Within a few minutes the patient 
became hot and flushed and had a severe chill, with the temperature 
reaching 39.6° C. Later on the same day a second transfusion was 
given from an apparently compatible Group O, Rh+ donor. This 
transfusion likewise had to be stopped after 450 cc. of blood had 
been given because of the development again of heaviness in the 
chest, headache, dizziness, dyspnea and chills. Two days later a 
third transfusion was given from a Group A, Rh— donor. This 
transfusion of 650 ce. was without harm, demonstrating that this 
donor was truly compatible. 

The logical conclusion drawn from this chain of events is that 
the patient had an anti-Rh agglutinin in her serum, which reacted 
with the Rh+ cells in the first 2 transfusions resulting in transfusion 
reactions, but did not react with the Rh— cells in the third trans- 
fusion. 

Case 5. Mrs. M. 8., a 27 year old para ii, gravida ii, Wassermann 
negative, delivered in this hospital in 1939 a full-term male infant which 
was perfectly normal. In 1939 she delivered at home a full-term infant 
which on the 2d day of life developed severe jaundice. The 3d day of 
life the infant suffered from convulsions and was brought into the hospital. 
Examination at the time showed intense icterus, liver and spleen enlarged. 
Blood count: R.B.C. 1,500,000; W.B.C. 14,000; Hb. 10 gm. Smear showed 
many nucleated red blood cells. The infant was transfused with 50 ce. of 
the father’s blood. Death occurred about 3 hours later. Autopsy diagnosis 
was icterus gravis. 

This patient again became pregnant in June 1941. We first examined 
her blood in October 1941 and found her to be Group O, Rh— with no 
anti-Rh substance in her serum. Six examinations of her serum between 
October 1941 and the time of delivery, March 22, 1942, failed to show any 
anti-Rh substance. On the latter date a normal 2790 gm. female was 
delivered spontaneously. Study of the cord blood showed the infant to 
be Group O, Rh+. The husband is also Group O, Rh+. Blood count on 
the infant showed R.B.C. 4,250,000; Hb. 16 gm., with a normal smear. 
Within the first 24 hours of birth the infant developed a severe icterus 
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(icterus index 192 units) and the hemoglobin fell to 11.6 gm. on the 5th 
day of life. The infant was given 3 transfusions of Group O, Rh— blood, 
the total amount transfused being 120 ec. From the first transfusion until 
the time of discharge on the 12th day of life the R.B.C. count and the 
hemoglobin gradually rose until at the time of discharge from the hospital 
the red blood cells were 4,100,000 and the hemoglobin 13.6 gm. Smear 
normal. Diagnosis was hemolytic anemia of the newborn. 

To return now to our study of the mother’s serum. As has been stated, 
up to the time of delivery we were unable to find any anti-Rh substance 
in her serum. However, serum taken on the day of delivery, when set up 
against 10 different known Group O, Rh+ cells, agglutinated weakly 3 of 
the 10 groups of cells. The other 7 were unaffected. Subsequent examina- 
tions of the blood taken postpartum failed to substantiate these findings. 
We felt then, that we were dealing with an anti-Rh antibody of low titer 
and further since only 3 of the 10 groups of cells were agglutinated by the 
patient’s serum, that we were not dealing with the ordinary Rh isoantibody, 
but rather with a subgroup of the Rh agglutinogen, Rh, or Rhg.® 


We believe that this case again illustrates the efficacy of using 
Rh—, anti-Rh— donors in transfusing the infant suffering from one 
of the various forms of erythroblastosis. 

Right here it would not be amiss to state that we feel the term 
“erythroblastosis,” in naming the group of diseases from which 
these infants suffer is a misnomer. It implies that all infants suffer- 
ing from icterus gravis, fetal hydrops, hemolytic anemia, etc. must 
have erythroblasts in goodly numbers in their blood streams. 
Actually of course this is not true, as demonstrated by 2 of our cases 
(4and6). ‘“ Hemolytic Disease of the Newborn”’ is more accurately 
descriptive of the disease since hemolysis is the basic reaction acti- 
vating these clinical syndromes and is suggested as a much more 
desirable term than “ Erythroblastosis.” 


Case 6. Mrs. C., a 28 year old para ii, grava iii, Wassermann negative. 
In 1939 she delivered a premature infant which was otherwise normal. In 
1940 the 2d pregnancy terminated at term with a normal infant. The 
most recent pregnancy terminated in another hospital on March 24, 1942, 
by low foreeps delivery of a full-term normal-appearing infant. On March 
25 it was noted that there was some icterus which became more marked 
as time went on. On March 26 the infant’s blood count was: R.B.C. 3.98 
million, and Hb. 10.6 gm. Bleeding and clotting time normal. On March 31 
the R.B.C. count was 1.3 million and Hb. 3.9 gm. On this day a smear 
showed no erythroblasts. The infant was given 15 cc. of whole blood intra- 
muscularly. On April 1 it was noted that the spleen was palpable, and the 
diagnosis of erythroblastosis was considered. It was excluded however, 
because of the absence of erythroblasts in the blood smear. Late that day 
the infant was given a transfusion of 75 ec. of Group A citrated blood. The 
infant’s father was the donor. One hour later the infant died. Autopsy 
showed the diagnosis to be erythroblastosis fetalis. 

After the infant had died we were consulted regarding Rh studies. We 
found the mother to be Group A, Rh—, and to have anti-Rh substance in 
her serum. Blood taken from the infant postmortem showed it to be 


Group A, Rh+. 

We present this case, not as an example of poor management, 
but as one in which if the réle of the Rh factor in erythroblastosis 
had been recognized, the end-results might have been different. 
The infant lived 9 days with inadequate treatment, and we believe 
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had it been treated according to the plan we have outlined that it 
would possibly be alive today. Certainly the infant should have 
had several transfusions, starting with the first drop in hemoglobin 
and R.B.C. count. And certainly these transfusions should have 
been from Rh—, anti-Rh— donors, and not from the Rh+ father 
as was done in this case. 

Summary. 1. Six cases of erythroblastosis fetalis are presented 
in which the mother was immunized by the Rh agglutinogen from 
the fetus. 

2. In one of these cases, by means of Rh studies on the mother 
antepartum, the subsequent delivery of an erythroblastotic infant 
was expected. 

3. This infant was treated by numerous transfusions of Rh—, 
anti-Rh — blood. 

t. This line of therapy is recommended in all cases of erythro- 
blastosis. 

5. A case of “habitual aborter”’ is described in which the absence 
of the Rh factor in the mother seems to be the cause of the repeated 
abortions. 

6. It is suggested that the term “ Erythroblastosis”’ be dropped 
and the conditions icterus glavis, fetal hydrops, hemolytic anemia, 
ete., be included under the term “Hemolytic Disease of the New- 
born.” 
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(From the Department of Pharmacology and the Department of Surgery, University 
of Louisville School of Medicine, and Louisville General Hospital 

Tue relative absorption rates of sulfanilamide, sulfathiazole and 

sulfaguanidine after oral and intraperitoneal administration in dogs 

with a discussion of their clinical significance have been previously 
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reported.'4" Since the synthesis of sulfadiazine,’ considerable 
interest has been aroused in the use of this relatively new chemo- 
therapeutic agent. Feinstone, Wolff, Huntington and Crossley,* 
in studying the toxicity, absorption and chemotherapeutic effec- 
tiveness in experimental animals found the drug less toxic, caused 
less tissue damage than sulfapyridine or sulfathiazole and that it 
had a higher therapeutic activity in pneumococcal, streptococcal, 
staphylococcal and Group B Friedlander’s bacillus infection. In 
man it was found that the drug is readily absorbed from the gastro- 
intestinal tract, not so readily excreted, and that its disappearance 
from the blood is slower than sulfathiazole.’ * 

Of the more common sulfonamides in use (sulfanilamide, sulfa- 
pyridine, sulfathiazole and sulfaguanidine), sulfadiazine is the least 
soluble; approximately 12 mg. per 100 cc. water at 37° C. as com- 
pared to 800, 54, 96, 220 mg. per 100 cc. for each of the other 
sulfonamides respectively. Because of its low toxicity, superior 
effectiveness against pathogenic organisms and its low solubility 
suggested to us that sulfadiazine would be more ideally suited as an 
adjunct in the prevention of postoperative infection. For these 
various reasons, and the desire to determine the margin of safety 
of reinforcing the local treatment by oral administration of sulfa- 
diazine or other sulfonamides, we have studied the absorption rate 
of sulfadiazine after oral and intraperitoneal administration in dogs 
and after intraperitoneal and local administration in man. 


Experimental. In one series of experiments 4 dogs were used for each 
of the two methods of administration. The dose of powdered sulfadiazine 
was 100 mg. per kg. In order to determine the relationship between dose 
and blood concentration, another small series of experiments consisting of 
| dog for each of the two methods of administration was used. The dose 
of sulfadiazine was 500 mg. per kg. All dogs were deprived of food and 
water 12 hours prior to the experimental procedure and for an additional 
24 hours following administration of the drug. When sulfadiazine was 
administered orally, it was administered suspended in water by stomach 
tube. For intraperitoneal administration, surgery was performed under 
ether anesthesia. A midline abdominal incision was made, powdered sulfa- 
diazine was applied to the intestines directly beneath the greater omentum, 
and the incision closed with catgut and silk. For the purpose of deter- 
mining the extent of absorption, blood was taken at hourly intervals for the 
first 7 or 8 hours following administration, and at 24-hour intervals there- 
after until the test was negative. 

In 7 patients subjected to abdominal surgery under spinal or cyclopro- 
pane-ether anesthesia, 5 gm. of powdered sulfadiazine were placed within 
the peritoneum, the abdomen was closed without drainage, and absorption 
of the drug was followed every 2 hours during the first 24 hours following 
administration, every 6 hours for the following 24 hours, every 12 hours 
for the next 24 hours, and every 24 hours thereafter until the test became 
negative, or the patient was discharged from the hospital. The values 
were not followed to zero, as we were concerned with the chief extent and 
rate of absorption rather than the end-point. Urinary excretion was fol- 
owed every 24 hours whenever possible. In 1 patient operated upon for 
in aneurysm of the right femoral artery, another for stab wound of the chest, 
ind a third for incarcerated hernia, 5 gm. of powdered sulfadiazine were 
laced in the operative field, incision closed without drainage and absorp- 

VoL, 205, No. 3—MARCH, 1943 13 


378 AMBROSE, GRISWOLD, HAMILTON: 


tion of the drug was followed as above. In 5 other patients, treated for 
second and third degree burns involving approximately 35°; to 60°, of 
the body surface, a spray containing 3°; sulfadiazine in 8° triethanol- 
amine was used, as recommended by Pickrell.* In all these cases, as well 
as others, intravenous glucose as well as other forms of supportive therapy 
were administered whenever indicated. Absorption of sulfadiazine was 
followed at frequent intervals. 

Blood concentrations and urinary excretions were determined by a 
modification of the method described by Bratton and Marshall’ for sulfa- 
nilamide. Colorimetric comparisons were made with a Klett-Summerson 
photoelectric colorimeter with light filter No. 540. 


TABLE 1.—CoOMPARATIVE ABSORPTION RATE OF SULFADIAZINE AFTER ORAL AND 
INTRAPERITONEAL ADMINISTRATION IN Dogs 


Method of No. of Dose Blood concentration—hours after administration (mg. per 100 ce 
adminis- ani- mg 
tration mals kg 
1 2 4 ) 6 7 s 24 6 | #2 ”. 120 144 168 192 
Oral 4* 100 312.7 3.2 0.8 0.2 
1 500 42:64 5.7: 5.5 1.3) 0.4 
Intra- 4* 100 3.2 2.4) 1.5) 0.7; 0.5,0.5 | Tr. | Te 
peritoneal ] 500 3.1 63 7.2 7.7 84 93 10.813.825.319 916110144 24 1.3 0.8 
* Average 
Tr Trace. 


Results. From the average blood levels for each of the two 
methods of administration after 100 and 500 mg. per kg., it is seen 
(Table 1) that sulfadiazine is rapidly absorbed from both the gastro- 
intestinal tract and peritoneum, the peak being reached in 3 to 
+ hours after administration; with the exception of 1 dog receiving 
500 mg. per kg. intraperitoneally, the peak concentration was not 
reached until sometime between the Sth and 24th hour after admin- 
istration. After oral administration of 100 or 500 mg. per kg. the 
rate of disappearance from the blood is the same as that reported 
by Feinstone et al.,? and the same as that for sulfanilamide,* sulfa- 
thiazole" and sulfaguanidine.'. However, after intraperitoneal ad- 
ministration of 100 mg. per kg. the rate of disappearance from blood 
is considerably slower than for other sulfonamides studied under 
similar conditions. Approximately 0.4 mg. % sulfadiazine was 
present in the blood after 144 hours as compared to only traces of 
the other sulfonamides after 48 hours. 

In Table 2 are tabulated results on 3 human subjects in which 
sulfadiazine was placed within the peritoneal cavity. Results on 
the other patients are much like those presented, excepting that in 
a few patients procaine was used as the anesthetic (which interferes 
with the determination of sulfonamides) and in others urinary ex- 
cretion studies were not as complete as those presented. We have 
purposely selected 3 cases receiving the drug intraperitoneally and 
2 receiving the drug cutaneously, of the total studied, as being repre- 
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sentative, rather than give all our data as we felt that this would 
be more repetitious than valuable. As can be seen from the table 
the rate of absorption from the human peritoneum is quite different 
from that observed in dogs. As to why there should be a difference 
in rate of absorption, we have no explanation to offer other than 
possibly the conditions in dogs were not comparable to those in man. 


TABLE 2.--FaTE OF A SINGLE INTRAPERITONEAL Dose (5 GM.) OF 
SULFADIAZINE IN MAN 


Sulfadiazine concentration 


Urine excretion 


Blood 
(mg. per 100 ec.) A % of 
Hours after Vol. Free Total conju- total cu- 
Patient admin. Free Total ee. mg. mg. gated mulative 
l 2 07 
D.M 5 0.9 
14 1.3 
39 4 780 151 632 76 12 6 
45 7 
5Y 2.6 
72 2.4 910 483 697 3 26.6 
96 i 860 613 844 17 43.5 
10S 3.2 
120 2.2 910 977 1310 25 69.6 
144 09 910 311 369 16 77.0 
168 07 912 127 176 28 80.6 
192 0.5 795 107 124 9 85.0 
216 0.3 1500 77 94 17 87.0 
3.8 4.2 
W.s 4 2.8 2.8 
6 2.6 2.7 
12 2.5 2.5 
24 2.4 690 1202 1750 26 35 0 
18 18 18 680 655 960 32 54.2 
72 15 5 225 132 237 44 58.9 
U6 11 630 276 546 49 69 9 
120 09 670 193 344 41 76 7 
144 OS 760 138 212 35 80 9 
168 O8 1030 154 198 22 84.9 
192 O08 590 101 145 30 87.8 
216 0.7 O07 730 117 187 37 91.6 
240 0.6 07 460 69 113 40 93.8 
264 07 310 53 54 2 94.9 
288 0.5 0.6 460 23 25 a5 95 4 
456 03 03 
3 
IB 9 1.9 
12 1.6 
24 0.9 09 850 282 284 §.7 
43 660 99 99 
69 0.7 : 320 44 45 8 5 
93 09 09 150 29 37 22 93 
117 0.9 
165 0.6 730 87 117 26 11.6 
189 OS OS S60 119 174 31 15.1 
213 0.6 680 94 156 40 18 2 
261 0.6 720 194 276 30 23.8 
333 0.8 O8 800 266 419 36 32.1 
357 O.8 270 95 133 29 34.8 
381 0.8 08 180 59 90 34 36.6 
453 OS 536 166 297 44 42.5 
572 0.6 0.6 1145 271 436 36 51.3 
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While others have reported peak blood concentrations of approxi- 
mately 8 mg. per 100 ce. in 4 to 8 hours after oral administration,>'° 
and approximately 10 mg. per 100 ce. in 2 to 3 hours after subcu- 
taneous administration of 5 gm. of sulfadiazine," in our experiments 
maximum blood concentrations were reached in 2 to 108 hours after 
administration and this rarely exceeded 4 mg. per 100 cc. The rate 
of disappearance of sulfadiazine from blood, after interperitoneal 
administration, is also considerably slower than that reported by 
others by different routes of administration.67"° For the most 
part blood concentrations of approximately 1 mg. per 100 cc. were 
maintained for about 144 hours. Traces of the drug were still 
present 216 to 572 hours after administration. The presence of 
conjugated sulfadiazine in the blood was found only occasionally, 
and this rarely exceeded 5% of the free drug. This is substantially 
in agreement with that reported by others after oral and subcu- 
taneous administration?’ Urinary excretion of the drug was 
followed in 3 patients. In 1 patient 85% of the drug was excreted 
within 216 hours, in the second 95°% within 288 hours, and in the 
third 51% within 572 hours. This is considerably slower than that 
reported by Satterthwaite et al.,!° in which they find practically 
all of the drug excreted within 36 to 48 hours after oral administra- 
tion, and by Peterson et al.,° in which they report recoveries of 62% 
to 92% of the drug within 72 hours after oral, intravenous or sub- 
cutaneous administration. 

TABLE 3 ABSORPTION OF SULFADIAZINE AFTER CUTANEOUS APPLICATION 

IN Man 
Sulfadiazine concentratior 


Urine excretion 


Blood 
mg. per 100 cc.) % 
Hours after Vol Free Total conju- 
Patient admin Free Total ce meg mg. gated 
G. P. 6 $8 §.2 
12 1.3 8.4 
24 12.1 13.3 
36 12.8 13.2 
48 11.6 11.9 1850 1884 3345 44 
60 7.9 7.9 
72 4 1 4 210 447 602 25 
S4 2.4 2.4 
96 2.5 2.5 1100 2801 3507 20 
120 2.7 
M. M. 8 5.5 5.5 
14 7.0 7.1 130 25 39 36 
19 6.2 6.5 150 157 300 18 
29 7.6 8.1 95 124 228 45 
44 9.1 10.4 70 91 192 52 
67 9.5 10.3 430 635 1242 49 
90 8.9 9.1 800 890 1729 48 


In the patients in which powdered sulfadiazine was placed within 
the operative field as well as in the incision, absorption and excre- 
tion was even slower than that observed from the peritoneum. 
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Blood concentrations ranging between 0.8 and 1.33 mg. per 100 ce. 
were maintained for more than 250 hours after administration. 
‘Total urinary excretion in 1 patient who was kept under observa- 
tion longer than others (312 hours) was 41° of the drug admin- 
istered. 

In Table 3 are recorded the results on 2 patients treated for burns 
with “sulfadiazine spray.’ In other patients similarly treated the 
results were essentially the same, with the exception of | patient 
who will be discussed separately. As can be seen from the table, 
absorption during the first 90 hours of treatment is considerably 
more rapid and greater than absorption from the peritoneum 
or from surgical wounds. Blood concentrations during this period 
of observation more closely approximated those reported by 
Peterson ef al. after oral or subcutaneous administration of sulfa- 
diazine. In the | patient treated in which the burned area involved 
approximately 60% of the body surface, blood concentrations as 
high as 30 mg. per 100 ce. were obtained. Four hours before death 
the blood concentration had fallen to 23 mg. per 100 cc. Through- 
out the course of treatment (96 hours) the patient remained inconti- 
nent. About 50 cc. of urine was obtained by catheterization shortly 
before death. Sulfadiazine concentration of this specimen was 
6; mg. per 100 ce. Microscopic examination for free and conjugated 
sulfadiazine was negative. The remaining 4 cases also terminated 
fatally. Death was probably due to secondary infection or 
pneumonia. Autopsy in all of these patients was refused. 

One striking difference observed in these patients and those 
receiving the drug intraperitoneally or in surgical wounds was the 
amount of conjugated drug in the blood. In comparing’ these 
results with those obtained after intraperitoneal administration, it 
is quite apparent that conjugation occurred more frequently, 
although the amount of conjugated sulfadiazine in the blood seldom 
exceeded 10° of the total blood concentration. 

Microscopic examination for free and conjugated sulfadiazine was 
made on all urine collected. | In the 1 dog receiving 500 mg. per kg. 
intraperitoneally, crystals of free sulfadiazine were found in all 
urine voided over 120 hours. In all other dogs no crystals of the 
free drug were found in the urine. In human subjects crystals of 
free and conjugated sulfadiazine were found only in the urine of 
patients receiving sulfadiazine cutaneously, with the exception of 
the | patient previously discussed. 

In examining all our data on urinary volume and excretion we 
find that precipitation of free or conjugated sulfadiazine occurred 
only when blood concentrations were high or urine volumes low. 
In urinary concentrations below 180 mg. per 100 cc. total sulfa- 
diazine, no crystallization of free or conjugated drug occurred. 
However, when urinary concentrations exceeded 180 mg. per 100 cc., 
crystallization of the free or conjugated drug invariably occurred. 
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l. 


382 ABSORPTION OF SULFADIAZINI 


This was particularly true in the | dog receiving the large dose of 
sulfadiazine intraperitoneally, and in patients, during the first few 
days of treatment, receiving sulfadiazine sprayed cutaneously on 
burned areas. 

Discussion and Summary. In man sulfadiazine has been reported® 
as being rapidly absorbed after oral or subcutaneous administration 
of a single dose of 5 gm. and that higher blood concentrations are 
reached, sustained longer, and excreted more slowly than with 
similar doses of sulfanilamide, sulfapyridine or sulfathiazole. Our 
experiments on dogs, after oral administration of 100 mg. per kg., 
indicate a degree of absorption less than that reported for sulfanila- 
mide, sulfathiazole," or sulfaguanidine,! and its disappearance from 
blood approximately that of these sulfonamides. After intraperi- 
toneal administration of 100 mg. per kg. in dogs, the peak concen- 
tration is less than that reported for sulfanilamide,* and intermediate 
between that reported for sulfathiazole" and sulfaguanidine.'| How- 
ever, peak concentrations are maintained longer with traces of the 
drug still present after 192 hours as compared to 48 hours for other 
sulfonamides similarly administered. 

In man appreciable absorption of sulfadiazine is still evident 216 
to 572 hours after intraperitoneal or local administration, as com- 
pared to only traces of the drug 48 hours after oral or subcutaneous 
administration of a single dose of 5 gm.2 After cutaneous applica- 
tion of sulfadiazine spray on burns, absorption is more rapid and 
blood concentrations higher than those observed after intraperito- 
neal administration or local application in wounds. This is particu- 
larly evident during the first 90 hours of treatment after which 
blood concentrations rapidly fall to approximately 2 mg. per 100 ce., 
at which level they remain even though spraying was only continued 
occasionally. 

These experiments suggest that sulfadiazine intraperitoneally is 
more ideally suited to be a prophylactic agent in the prevention of 
postoperative infection than other sulfonamides, since it is more 
slowly absorbed, so that more of the drug remains in situ to produce 
a more lasting bacteriostatic effect. These results also suggest 
that reinforcing the local treatment with oral administration of 
sulfadiazine or other sulfonamides whenever indicated may well be 
undertaken, particularly in patients where sulfadiazine is used 
within the abdominal cavity or in wounds, provided the usual pre- 
cautions for these drugs are followed. 

We are indebted to Drs. A. D. Welch and Earl L. Burbidge, Sharp & Dohme, Inc. 


Philadelphia, Pa., for the powdered sulfadiazine, and to the Lederle Laboratories, 
Pearl River, N. Y., for solutions of sulfadiazine used in this study. 
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PREVENTION OF INFECTIOUS ULCERATIVE CECITIS IN THE 
YOUNG OF RATS BY CHEMOTHERAPY OF THE MOTHER 


By Arruur L. BLoomrFretp, M.1). 
PROFESSOR OF MEDICINE 
AND 
Lew 
LABORATORY ASSISTANT 
SAN FRANCISCO, CAL. 


From the Department of Medicine, Stanford University School of Medicine) 

IN a previous paper we demonstrated the prophylactic effect of 
sulfaguanidine against ulcerative cecitis of the rat.' Briefly, if 
0.5% sulfaguanidine were mixed with the stock diet, animals 
sacrificed after 82 days were only occasionally affected, whereas 
most of the controls showed advanced disease. We, as well as 
others,® have described the course of the lesions. Suffice it to say 
here that the earliest change is a tiny superficial ulceration of the 
cecal mucosa. This gradually enlarges to reach immense propor- 
tions (2 to 3 em.) with thickening of the bowel wall and extensive 
pericecal adenitis and cystlike pockets of clear fluid. In extreme 
cases there is a mass the size of a walnut made up of glands, cysts 
and matted coils of intestine. The cause of this interesting disease 
is not yet established. Buchbinder and his associates’ feel it is a 
paratyphoid bacillus infection. We have confirmed the frequency 
of Salmonella enteritidis in the cecal contents and in regional nodes, 
but the exact significance of these organisms is not vet clear.* 

Be this as it may, Buchbinder* found that rats removed at wean- 
ing from further contact with the mothers were not likely to develop 
cecitis, whereas those left with their dams later showed evidence 
of infection. It seemed of interest therefore to find out if sulfa- 
guanidine added to the diet of the mother would confer any pro- 
tection on the young. At the time of these experiments cecitis was 
actively epidemic in the rat colony. Healthy stock animals up to 
the age of 3 or 4 months rarely showed any definite lesions, but 
from 5 months on cecitis was frequent and the majority of the older 
animals, of S months or over, had advanced forms of the disease. 
The exact mode of dissemination of the infection has not vet been 
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worked out but there must have been a a continuous contamination 
of the animals’ quarters so that the agent is introduced with food, 
handling, during sweeping of quarters, cleaning of cages, ete. Hence 
any group of rats even if they were placed from the time of weaning 
in a separate cage eventually developed cecitis. We have no observa- 
tions on young which have been isolated in the bacteriologic sense. 

Inasmuch as cecitis may progress slowly over a period of months, 
it is evident that in the experiments to be described below one 
must consider not only the incidence of the disease in an experimen- 
tal group of rats but also the degree of the lesions. These were 
carefully graded according to the following scale: 

O = no cecitis 
= superficial erosion not over 0.5 em. in diameter 


ulcer 0.5 to 1 em. in diameter with greenish slough and 
pericecal adenitis 


ulcer over 1 em. in diameter with thickening of cecal wall 
and marked pericecitis 
extreme lesions with huge ulcer and matted adherent coils 


of intestine 

On this basis a percentage figure for degree of infection could be 
calculated. If 4+ indicates the most advanced lesion, then 4X the 
number of rats would equal 100% of the maximum possible degree 
of infection in the group. This figure divided into the sum of the 
observed pluses gives the percentage intensity of the lesions in the 
experimental group. We are aware of all the errors of such a method 
of calculation but figures arrived at in this way are necessary to 
supplement those dealing with the mere incidence of the disease. 


Experiments. Hrperiment 1. A series of healthy females about 3 
months old were given the stock laboratory diet to which 0.5°; of sulfa- 
guanidine was added. The animals were then placed with healthy males 
of about 4 months and the sulfaguanidine ration was continued through- 
out pregnancy and until the young were weaned. After weaning, one-half 
of the rats continued to receive sulfaguanidine rations, whereas the other 
half were kept on the same stock diet but without the drug. The rats were 
weaned on June 2, 1941, and sacrificed on December 19, 1941. Along with 
the two sets of rats described above, a series of controls was run as follows: 
Control mothers were bred at the same time as the mothers on sulfaguani- 
dine and the offspring were weaned at approximately the same time. They 
were treated just like the experimental animals and were killed on the 
same day. The only difference was that neither the controls nor their 
mothers at any time received sulfaguanidine. 

The results can be briefly summarized as follows: 


TABLE 1 SUMMARY OF EXPERIMENT 1 


Group 


\ B ( 
Mother during pregnancy . On sulfa On sulfa No sulfaguanidine 
guanidine guanidine 
Mother during nursing period On sulfa On sulfa No sulfaguanidine 
guanidine guanidine 
Young after weaning and _ throughout 
experiments On sulfa No sulfa No sulfaguanidine 
guanidine guanidine 


Incidence of cecal disease when young 
were sacrificed 64 months after weaning None None 83% advanced le- 
sions for the 
most part 
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TABLE 2.—Data on Rats or Group C 
Weight 


Weight when 
Birth- at Age at sacrificed Cecitis at autopsy 
Lab. No. Lab. No. day of weaning weaning (12/19/41) - 
mother young young (gm.) (days) (gm.) Description Grade 
51895 36 5/8/41 30 23 276 None 0 
37 34 23 268 No ulcer, but huge glands + 
38 32 23 240 Uleer 1 em., whole cecum + + 
indurated, large glands 
and cysts 
39 32 23 242 Ulcer 0.8 em., large glands + 
and cysts 
41 34 23 254 No ulcer, but huge glands 
all through mesentery 
51925 66 5/12/41 22 23 248 Uleer 1 em., whole cecum 
searred, large glands and 
cysts 
67 a 22 23 190 Uleer 1 em., whole cecum 
searred, large glands and 
cysts 
68 22 3 220 Uleer 0.8 em., large glands 
and cysts 
51940 79 5/12/41 20 23 174 Huge ulcer, whole cecum 
indurated and matted 
with huge glands and 
cysts 
80 21 23 210 Huge ulcer, whole cecum ++ 4 
indurated and matted 
with huge glands and 
cysts 
22 23 104 None 0 
82 21 23 210 Uleer 2 em., whole cecum 
indurated, huge glands 
and eysts 
av. 26 iv. 227 


TABLE 3.--SUMMARY OF EXPERIMENT 2 


Group 
A B 
Number of rats R q 7 18 19 33 
Mothers during pregnancy :- 4 a8 On sulfa- On sulfa- No sulfa- 
guanidine guanidine guanidine 
Mothers during nursing period On sulfa- On sulfa- No sulfa- 
guanidine guanidine guanidine 
Young after weaning . . On sulfa- No sulfa No sulfa- 
guanidine guanidine guanidine 
Incidence of cecitis when young were sacrificed 
% of group affected) None = 0 2 L0G 18 = 54% 
Degree of cecitis (%) 0 4 
CHART 1.—-DEGREE Or LESIONS IN EXPERIMENT 2 
Controls + + 4 
Group ¢ 4 
4 000000000000000 


Experiment 
Group B + 


Each vertical row indicates the degree of the lesion in 1 animal 


From our previous experience it was to be expected that the rats which 
were on sulfaguanidine rations throughout life would not have cecitis. It 
was equally certain that many of the controls would show advanced lesions. 
The complete absence of cecitis in the rats whose-mothers had received the 
drug (Group B) but who themselves never had any was not anticipated 
and it was clear that such a striking result required further confirmation. 
This was obtained in the following experiments, and a discussion of pos- 
sible explanations will also be given. It may be said at this point, however, 
that the results were not due to accidental selection of resistant animals. 
This is ruled out by the large number of mothers (6 in Group A, 5in Group B) 
selected at random from the same stock as the 3 control mothers of Group C. 
Groups A and B showed no positive findings at autopsy. The detailed find- 
ings in the positive group (C) are shown in Table 4. 


rie 
le 
he 


BLOOMFIELD, LEW: INFECTIOUS ULCERATIVE CECITIS 


Experiment 2. This was essentially a repetition of Experiment 1. The 
mothers and fathers both of the test animals and of the controls were 
carefully selected, and when sacrificed none showed any lesion of cecitis. 
As in the previous experiment the mothers of the test animals received 
0.5°% of sulfaguanidine in the diet during pregnancy and lactation, but the 
young at no time received any drug. A second set of controls which received 
sulfaguanidine throughout the experiment was also run. All the animals 
were sacrificed at the same time at approximately 5} months of age. 

The results are summarized in Table 3, and the degree of the lesions is 
graphically shown in Table 4. This experiment confirms Experiment 1. 
Even though 2 of the experimental group were beginning to show lesions 
the incidence as well as the severity was far below that found in the con- 
trols. So that while treatment of the mothers did not confer absolute 
protection on the young it did result in a considerable degree of resistance 
and definitely delayed the development of cecitis. 

Experiment 3. It seemed of interest to find out next if the young of 
treated mothers would be resistant to a high degree of exposure. Seven- 
teen young rats just weaned from mothers who had received sulfaguanidine 
during pregnancy and lactation were raised in the same cages with 20 rats 
of similar age whose mothers had received no sulfaguanidine. If, as actually 
occurred in this case, the controls happened to have a high degree of cecitis, 
the resistance of the young from sulfaguanidine-treated mothers would be 
put to the maximum test because of the intimate contact. All animals 
were sacrificed on the same day at the age of 5} months. The results are 
shown in Table 4 and Chart 2. 

Cecitis occurred in 54°; of the test animals as against an incidence of 
0°; and 10°; in groups of similar rats which were kept by themselves after 
weaning (Experiments 1 and 2). However, the incidence of cecitis in the 
controls in Experiment 3 was 75°; and the degree of the lesions was much 
more extensive as shown in Chart 2. Thus it is clear that even when inti- 
mately exposed to other rats with advanced cecitis the young of mothers 
treated with sulfaguanidine during pregnancy and lactation still show a 
striking resistance and acquire the disease later and in milder form than 
do the controls. 

Experiment 3, as compared with Experiments 1 and 2, also shows that 
rat cecitis is a communicable disease. The suggestion has been made that 
diet and other environmental conditions may determine the development 
of cecitis, but while these may play a part the fundamental réle of infection 
is established. 


TABLE 4.—-SUMMARY OF EXPERIMENT 3 


Group 
Experimental Control 
Number of rats 17 20 
Mothers during pregnancy On sulfa No sulfa- 
guanidine guanidine 
Mothers during nursing period : On sulfa- No sulfa- 
guanidine guanidine 
Young after weaning No sulfa- No sulfa- 
guanidine guanidine 
Incidence of cecitis when voung were sacrificed % of 
group affected) 9 52% 15 = 75% 
‘Degree”’ of cecitis (% 19 54 
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DEGREE OF LESIONS IN EXPERIMENT 2 
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Experiment 4. This experiment was planned to discover if treatment 
of the mother with sulfaguanidine during pregnancy or lactation only con- 
ferred any protection. Seventeen young of mothers who received sulfa- 
guanidine during pregnancy only, and 25 young of mothers who received 
sulfaguanidine in lactation only, were followed just as in Experiments 
1 and 2. When sacrificed after 53 months none of these animals had cecitis 
as against an incidence of 54°; in the control young of mothers who received 
sulfaguanidine. 

Finally, Table 5 gives a summary of all the experiments.* 


TaBLe 5.—SUMMARY OF ALL EXPERIMENTS 
Cecitis 
% 
No. Present Absent incidence severity 
i// controls (no sulfaguanidine in mothers or 


All young of mothers receiving sulfaguanidine 

during pregnancy and/or lactation . , 69 2 67 3 1 
Sulfaguanidine to mother and young through- 

out experiment 26 0 26 0 0 


Young of mothers receiving sulfaguanidine during 
pregnancy and lactation raised in same cages 
with young of untreated mothers k . 4 8 52 19 


Discussion. ‘lhe general results of these experiments seem quite 
definite: the young of mothers who receive sulfaguanidine during 
pregnancy and lactation develop ulcerative cecitis much less fre- 
quently and in milder form than control animals from untreated 
mothers. This “resistance’’ is manifest even when test animals 
are raised in the same cages with highly diseased rats, although 
under these circumstances the incidence and degree of cecitis is 
greater. Furthermore, sulfaguanidine given to the mother during 
either pregnancy or lactation seemed to result in resistance on the 
part of the young. 

We have as yet no exact explanation of these interesting phenom- 
ena. It must be recalled that the etiologic agent of rat cecitis is 
unknown. Salmonella are, to be sure, frequently present in sick 
animals, but we have strong evidence against these being the 
primary cause of the disease.? The possibility of some other category 
of infectious agent such as a virus is by no means ruled out. It is 
also to be noted that practically all the rats in an infected colony 
were perfectly well for the first 2 or 3 months; during this time no 
lesions were visible but we are not by any means sure that infection 
did not already exist. With viruses in particular, long latent periods 
are known to occur as, for example, with rabies and with herpes; 
some of the natural viruses of mice and rabbits may apparently 
be carried indefinitely without producing evident disease.‘ Still 
other viruses persist in the host after recovery from clinical infec- 
tion.’ Finally, a virus may be carried by a host without producing 
disease until “activated’’ by some other agent.’ The réle of Hemo- 
philus influenze suis in activating the virus of swine influenza, 


* Dr. Charles W. Barnett analyzed the figures and showed that the differences in 
incidence of cecitis in test and in control animals are statistically valid. 
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which may lie dormant for at least 2 years in the swine lungworm, 
has been convincingly demonstrated by Shope.’ 

It may be, then, that the unknown infectious agent of rat cecitis 
is usually acquired very early in life; it is possible that destruction 
or inhibition of this agent in the mother by means of chemotherapy 
allows the voung to escape invasion at a vulnerable period of life. 
Disease, if it occurred at all in these animals, would then be acquired 
later and perhaps only from a heavy exposure, as in Experiment 3. 
It is even possible that the Salmonella which are so constantly 
present in cecitis may serve to activate a virus which otherwise 
lies dormant in the infected rat. But speculation seems unprofitable 
until the causal organism is definitely identified and the usual mode 
of invasion is worked out. Meanwhile these experiments are put 
on record because they represent a new type of procedure in prac- 
tical chemotherapy. 

Conclusions. 1. The young of rats which receive 0.5° % of sulfa- 
guanidine in their food during pregnancy and lactation only occa- 
sionally developed ulcerative cecitis, whereas 74° of the young of 
untreated mothers acquired the disease. 

2. Young of treated mothers raised in the same cages with young 
of untreated mothers developed cecitis much more frequently than 
if segregated, but a high degree of resistance is still demonstrable. 

4. Administration of sulfaguanidine to the mothers during either 
pregnancy or lactation seems to confer resistance to cecitis on the 
young. 

. Possible explanations of this phenomenon are discussed. 
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CLINICAL AND ELECTROENCEPHALOGRAPHIC OBSERVATIONS 
IN SEVERE EPILEPSY UNDER TREATMENT 


By DovGias GoL_pMaNn, M.D. 
CLINICAL DIRECTOR, LONGVIEW HOSPITAL 
CINCINNATI, OHIO 


From Longview State Hospital 
THE last decade has seen remarkable advances in the diagnosis 
and treatment of convulsive disorders. Diagnosis has become more 
certain and satisfactory with the help of the electroencephalograph 
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(E.E.G.)! and the introduction of diphenylhydantoin?* in therapy 
has been a means of bringing relief to many patients resistant to 
previously available medication. 

This report is the result of study of a group of severe epileptics 
over a long period with aid of the E.E.G., while determining the 
effects of medication, chiefly dilantin sodium and phenobarbital. 
Most of the patients were psychotic inmates of a State mental 
hospital whose psychoses were a manifestation of convulsive dis- 
order. As a group these patients were examples of the most severe 
type of chronic, long-standing illness. A few private patients of 
particular interest are included in the series. It is believed that 
patients with severe illness serve best to indicate ‘the true worth 
~ of any form of treatment, particularly when purely clinical evidence 
can be supplemented with objective data such as that furnished 
‘by the E.E.G. 

The patients are grouped according to severity as indicated in 
Table 1. Brief protocols of individual patients serve as legends 
for the tracings made at appropriate intervals during observation. 
The tracings of all but the petit mal patients were made in intervals 
between seizures. 

TABLE 1.—SEVERITY OF SEIZURES 


Duration of Before After Result 
convulsive Age treat-  treat- Time 
No disorder Sex ment ment Treatment observed Clinical E.E.G. 
l Over 30 yrs. 66 F 4 3 Dilantin 3 yrs. Fair Fair 
Phenob. 
2 Over 30 yrs. 46 F 4 3 Dilantin 3 yrs. Fair Fair 
3 Over 20 yrs. 64 M 4 3 Dilantin 3 yrs. Good Fair or4 
4 About 19 yrs. 32 M 4 3 Dilantin 3 yrs. Good Fair 
7) Over 50 yrs. 62 M 4 3 Dilantin 3 yrs. Fair Fair 
Phenob. 
6 About 2 yrs. 20 M 4 3-4 Dilantin 2 mos. Fair Good 
7 About 23 yrs. 44 F 3 2 Dilantin 18 mos Good Good 
S 6 yrs. 25 F 4 2 Phenob. 24 yrs. Good Good 
’ 10 yrs. + 42 M 3 l Dilantin 3 yrs. Good Good 
no g.m. 
10 > Vrs. 12 F 3 1-2 Dilantin 15 mos. Good Good 
Phenob. 
11 l year + 38 | 3 1-2 Dilantin 9 mos. Good Good 
Phenob. 
12 20 yrs. + 42 M 3 ] Dilantin 2 yrs. Excellent Excellent 
13 6 mos 2M 2 l Dilantin 1 yr. Excellent Excellent 
14 6 mos. 5 fk 3 1 Dilantin 3 yrs. Excellent Excellent 
Phenob. 
15 l year + 18 M 3 1 Dilantin 2 yrs.+ Excellent Excellent 
16 > vrs 25 FI 3 1 Dilantin 2 yrs. Excellent Excellent 
Grade 1—Complete absence of seizures or equivalents over 6 months. 


2—Seizures or equivalents not oftener than once monthly. 
3—Seizures or equivalents not oftener than once weekly. 
4— Seizures or equivalents more often than weekly. Most of these patients had multiple 
daily attacks at times. 

All of the patients of Grade 4 severity were old inmates, typical 
cases of severe psychosis with epilepsy of long duration. Such 
cases are usually considered unworthy of any therapeutic effort, 
vet everyone of these patients received some benefit from continued 
treatment. Restraint became only an occasional expedient instead 
of a more or less constant necessity. Patients Nos. 3 and 4 are now 
able to help with some ward tasks. Patient No. 5 had frequent 
bouts of cardiac decompensation associated with frequent seizures. 
With reduction in number of seizures cardiac function has been 
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adequate. Patients Nos. 1 and 2 are much less belligerent and 
aggressive and no longer have injuries resulting from violent collision . 
with the environment during seizures. All of these (Grade 4) 
patients are still psychotic and require hospital care, but the 
benefit of treatment is not to be scorned because it falls short of 
complete relief. Grade 3 patients are in many respects as Severe 
as those of Grade 4 but showed better response to treatment. 
Patients 7 and 8 have been able to return home with their families. 
Patient 8 suffered one relapse when treatment was neglected by a 
rather feeble-minded husband; she returned to at least an equally 
improved level after renewed treatment. Among the Grade 2 


Key to electrode location in Figures 1 to 16 


patients, No. 9 is an interesting example of psychomotor epilepsy 
which would not have been recognized without the E.E.G. While 
taking dilantin his conduct is exemplary and he has suffered but 
one temporary relapse when treatment was omitted. The Grade 1 
patients are living answers to sterile therapeutic skepticism. These 
are patients who have had no manifestations of epilepsy for long 
periods and who by their performance and behavior give unqualified 
evidence of recovery. Patient 12 had frequent seizures and equiva- 
lents for 20 years and has now been free for 18 months and has been 
gainfully employed. Patient 16 probably would not have required 
State Hospital care had treatment been instituted at an earlier date. 
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Fic. 1.— Patient (admitted to Longview Hospital in 1915; age 31) had had seizures 
for many years. a, April 6, 1939, seizures oftener than once daily, confused and 
belligerent. No treatment. Typical epileptic tracing. 6, May 22, 1939, another 
control tracing, no treatment being given. c, June 29, 1939, having dilantin, 3 grains 
t.i.d. for 9 days. Seizures less than 1 per week. Patient much more manageable 
but still psychotic. d, February 27, 1942, seizures only occasionally, less than once 
a week, receiving no dilantin but receiving phenobarbital, 1} grains, twice daily. 
Tracing shows some degree of improvement. 

Fic. 2.—Patient (admitted to Longview Hospital in 1928; age 34) had seizures 
since age 13—psychosis with epilepsy. She was having seizures more frequently 
than once a week. Her history recounted numerous burns, fractures and other 
injuries resulting from seizures. a, April 11, 1939, control tracing without treat- 
ment, markedly pathologic E.E.G. 6, January 17, 1940, dilantin, 1} grains t.i.d., 
for 7 weeks. Seizures less than 1 in 2 weeks. c, May 28, 1940, dilantin, 14 grains 
t.i.d., for 1 week. Phenobarbital, 1} grains b.i.d., for 2 months. Two seizures 
were recorded on this day and 2 on the following day. This and the preceding 
tracing show no diminution in pathologic activity. d, February 28, 1942, dilantin, 
14 grains b.i.d., for 6 months or longer. Grand mal seizures only every 2 or 3 weeks 
and these are nocturnal. The intervals between the seizures showed the patient 
markedly improved in behavior although still psychotic. Tracing shows marked 
improvement, 


— | 
1 3 


a2 GOLDMAN! OBSERVATIONS IN SEVERE EPILEPSY 


7 4 fal / 4 
12 
[es 
Ana 4 4 
MWA 
Maung Ay 
a 
A ‘al wA 
¥ 
h vy" fy W fh Al 
a 
a¥2 
pees 
3-4 
d 
#993 
Fia. 3 4 
Fic. 3.—Patient (admitted to Longview Hospital in 1934). Seizures since 1920 


at the age of 42. Patient was confused, had frequent hallucinations, and seizures 
occurred about once per month or oftener. a, May 1, 1939, control tracing. Marked 
pathologic activity in E.E.G. between seizures. 6, July 24, 1940, receiving dilantin, 
1} grains b.i.d. Seizures much less frequent but occurred every 2 or 3 months. 
He was able to be a ward worker, although at times his psychotic behavior was 
aggravated. c, February 26, 1942, dilantin, 1} grains, twice daily for a year or more. 
Much improved, seizures occurred less often than every 2 months. He showed much 
less confusion and continued as a ward worker. At times psychomotor equivalents 
seem to replace the seizures. E.E.G. practically normal. 

Fic. 4.—Patient (admitted to Longview Hospital in 1933; age 23) had had seizures 
since age 14. Onset of psychosis only a few weeks before admission. Chief symp- 
toms ‘‘organic confusion”’ and seizures one or more weekly, at times 2 or 3 on 1 day. 
a and b, Portions of control tracing— March 31, 1939. Marked pathologic activity 
between seizures. c and d, July 24, 1940. Patient receiving 3 grains of dilantin 
twice daily for over a year. He was confused and somewhat disturbed on the day 
of the tracing. He was having seizures at much longer intervals, once a month 
approximately. He was much more amenable to ordinary ward care at this time 
and at times served as a ward worker. E.E.G. improvement is only moderate. 
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In every instance without exception, as indicated in the protocols 
which accompany the E.E.G., the tracing parallels clinical evidence. 
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Fic, 5.—Patient (readmitted to Longview Hospital in 1928; age 48) had been 
in one or another state hospital since 1907. First seizure occurred at the age of 4 
and the history relates frequent fractures and other injuries during seizures. a, 
May 9, 1939, seizures at variable intervals, sometimes daily. E.E.G. shows marked 
irregular pathologic activity between seizures. b, July 29, 1940, dilantin, 1} grains 
twice daily, for several months plus phenobarbital 1} grains twice daily for the last 
5 months. He was suffering from cardiac decompensation and was confused and 
aggressive. Tracing shows only occasional slow waves and “‘spikes.”’ c, Febru- 
ary 25, 1942, dilantin, 14 grains twice daily, steadily for the last 10 months. He 
was having seizures once monthly or less and none for several weeks before the 
tracing. He was psychotic and had occasional confused and aggressive spells. 
Cardiac status was much improved while he was not having seizures. Tracing much 
more normal than clinical condition of patient would indicate. 

Fic. 6.—Patient (admitted to Longview Hospital, July, 1941; age 20) had had 
seizures since December, 1940. Was extremely violent, tore his clothing, assaulted 
those around him and had a self-inflicted fracture of a metacarpal bone from striking 
a heavy screen with his hand. He was practically uncontrollable without restraint. 
a, July 10, 1941, control tracing. Had had sodium amytal, 7} grains, intravenously 
2 days before. Marked irregular pathologic activity in E.E.G. 6, July 29, 1941. 
Had had dilantin, 1} grains t.i.d., for 2 weeks. He improved remarkably at this 
time, clinically as well as in the E.E.G. but later seemed to become resistant to 
treatment which may have been inadequate and was sent to another state hospital. 


Improvement or lack of it is readily recognizable from the tracings. 
The degree of change in the tracings was greater than might have 
been expected from previous reports based on shorter periods of 


3 


394 GOLDMAN! OBSERVATIONS IN SEVERE EPILEPSY 


observation. ‘Tracings even from the Group 8 and 4 patients 
showed marked change approaching normal; and those from Group | 
patients became undistinguishable from normal. (Group number 
refers to grade of result.) 
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Fic. 7.—Patient (admitted to Longview Hospital, April, 1940; age 44) had had 
seizures since the age of 13 which were worse at her menstrual periods. She was 
psychotic, self-destructive and assaultive. a, May 26, 1940, control tracing, patient 
having seizures about 1 a month, psychotic symptoms and violent “spells.” b, 
July 31, 1940, dilantin, 1 capsule t.i.d., for a month or more. She was having rare 
seizures, less than 1 in 2 months and was coéperative and helpful. She had a dilantin 
rash, but medication was resumed with continued benefit and no return of the rash. 
c, October 25, 1940, tracing made before patient was released. She was subsequently 
discharged from the hospital very much improved. She was able to do her house- 
work and had had no seizures for over 6 months at the last report. 

Fic. 8.—Patient (admitted to Longview Hospital, April, 1936; age 22) had had 
seizures since age 16. She had seizures once weekly or oftener at the time of admis- 
sion. Patient improved remarkably after treatment started. a, July 13, 1939, 
tracing was taken on the day the patient was allowed to go home on trial visit. She 
had been receiving phenobarbital, 1} grains, once or twice daily for a year. She 
had had no seizures for 2 months or longer and there was none of the * organic confu- 
sion’’ which had been present on admission. Only medium and low voltage slow 
activity evident. 6, February 12, 1940, tracing was taken when the patient was 
returned from trial visit after having neglected treatment for several months. She 
had seizures oftener than once weekly and was in a dirty, disheveled, confused con- 
dition. Patient subsequently improved again and was able to return home. Trac- 
ing shows marked epileptic activity between seizures. Treatment apparently was 
essential to maintain more normal E.E.G, status 
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The corollary which it may reasonably be hoped can be derived 
from these observations is that adequate, vigorous, and above all 
sustained treatment of convulsive disorder in its early stages, 


is 


\\ 


7-12 
“ia 
aye- 
9 Fic. 10 


Fic. 9.—-Patient (admitted to Longview Hospital, December, 1938; age 36) had 
spells of anger and quarreling and struck his mother. History of abnormal behavior 
since adolescence. He was said to have seizures in 1934 but inquiry at. the hospital 
where he was at that time indicated that no seizures had occurred. a and b, April 5, 
1939, control tracing. Only moderate, irregular pathologic activity evident. c, 
September 25, 1940, patient having dilantin, 1} grains b.i.d., for over 4 months. 
His behavior was very much improved. He had no further spells of anger or quarrel- 
ing and was quite able to get along at home with his family. On several occasions 
he became disturbed when he discontinued medication but was perfectly normal at 
the time this tracing was made. Tracing appears normal and shows marked contrast 
with control record. 

Fic. 10.—Private patient, age 12, who had had epileptic seizures for a year or more. 
a and b, March 20, 1940, seizures once weekly, none on the day of the tracing. Marked 
pathologie activity. ec and d, July 24, 1941, dilantin, 1} grains twice daily, and 
phenobarbital, } grain twice daily. She had had no seizures for several months and 
was making better than normal progress in her school work. Moderate pathologic 
ictivity evident only after hyperventilation. 
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Fic. 11 Fic. 12 
Fic. 11.—A woman of 38 years with seizures and possible psychomotor equivalents, 


onset within a year. There was a question of an intracranial lesion because she had 
focal seizures from the right and sometimes from the left side and a suspicious pneu- 
moencephalogram. The subsequent history after the last tracing recorded showed 
that no lesion was found on exploration of the brain, but the patient continues fairly 
satisfactory under treatment. a, March 6, 1940, no medication at this time. b, 
October 23, 1940, dilantin, 1} grains t.i.d., and phenobarbital, 1} grains once or twice 
daily, for several months. Marked relief was noted. Tracing within normal limits. 
c November 20, 1940, patient was asked to report after omitting medication for 
1 week, but she stated that she was unable to do this because of the severity of psy- 
chomotor restlessness that occurred under such circumstances. She had, therefore, 
resumed taking dilantin and phenobarbital after only 2 days’ omission of the treat- 
ment. The tracing, therefore, does not represent the untreated status. It appears 
normal. d, December 13, 1940. Patient remained off medication 2 days and 
reported when she stated that she ‘was feeling very bad” and could not hold out 
longer without treatment. It is apparent from the E.E.G. that her neurotic symp- 
toms were psychomotor equivalents which the patient recognized as being abnormal. 

Fic. 12.—Man, aged 42, admitted to Longview Hospital, April, 1940; first seizure 
oceurred in 1920. The seizures consisted of psychomotor equivalents, amnesias and 
fugues. He denied having any major attacks but during observation on the ward he 
was seen to have localized and mild general seizures frequently. a, April 29, 1940, 
marked pathologic activity between seizures. 6, May 17, 1940, dilantin, 3 grains 
twice daily for 2 weeks. c, June 18, 1940, dilantin, 3 grains for 6 weeks. d, July 22, 
1940, dilantin, 3 grains twice daily, for 10 weeks. He had had no seizures since he 
was started on dilantin. He has been out of the hospital since February, 1941, 
and has made a good adjustment. He is supporting himself. He has had no further 
seizures. The last two E.E.G. are within normal limits 
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preferably under E.E.G. control, may be able to restore patients 
to complete freedom from seizures and to protect them from late 
catastrophic sequele such as psychoses. 
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Fic. 13 Fig. 14 

Fic. 13.—Boy, aged 2} years, private patient, who for several months had been 
having one or more ‘blank spells’’ daily. a, May 28, 1940, control tracing before 
tracing, showing petit mal attack. b, November 7, 1940, } grain dilantin twice daily. 
No seizures had been observed for 4 months. Irregular high voltage 4/second activ- 
ity not abnormal in a child of 2} years. 

Fic. 14.—A girl aged 5, who he + been having “ blank spells" lasting up to } minute 
several times for several months. a and b, portions of the tracing taken June 19, 
1939, before treatment. Part of a typical petit mal attack is shown in b.  ¢ and d, 
February 27, 1942. Patient now aged 8, receiving dilantin, 24 grains daily in 3 doses, 
and phenobarbital, } grain at bedtime for 2} years. She had had no seizures for a 
vear or more, was —_ better than average progress in school. The tracing is 
normal for a child of 8. 
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Fic. 15.—Out-patient, age 18, who had bad for some months periods of unaccount- 
able behavior during which he scolded the doctors and nurses, jumped over the 
beds and subsequently had complete amnesia for the period of the attack. The 
clinical impression had been that he was suffering from a neurosis resulting from 
amputation of the left foot above the ankle. a and 6, March 17, 1939, control 
tracing before treatment. Pathologic high voltage slow activity accentuated by 
hyperventilation. candd, November 13, 1940, patient had been receiving dilantin, 
14 grains t.i.d., and had complete relief from attacks for over a year. Early in his 
treatment he stopped taking dilantin for a brief interval during which there was ° 
some recurrence of symptoms. This patient at no time had any clinical grand mal 
activity. E.E.G. shows normal activity at this time except after hyperventilation, 
and even here the voltage is not high. 

Fic. 16.—A woman 25 years of age (admitted to Longview Hospital, June, 1940) 
reported seizures occurred about once a month. a, June 19, 1940, no seizures at 
this time. There is no record of treatment at this period. bh, June 26, 1940, defi- 
nitely not receiving treatment for at least 1 week. Marked epileptic activity in 
E.E.G. c, February 27, 1942, receiving dilantin, 1} grains t.i.d., for 6 months. She 
had had no seizures in all this period. Before that when she stopped taking dilantin 
for 2 weeks she had had a seizure, so the drug was resumed and no further seizures 
occurred. Mental status was normal. 
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Conclusions. |. Klectroencephalographic (E.E.G.) and_ clinical 
observations on 16 cases of severe epilepsy are presented. 

2. The course of every case was definitely modified by treat- 
ment, and in most cases markedly improved. 

3. Clinical improvement was paralleled by E.E.G. findings. 

t. Some cases of convulsive disorder can be completely relieved, 
and progressive deterioration prevented. 
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(From the Department of Obstetrics and Gynecology, Cornell University Medical 
College and the New York Hospital) 

THe incidence of eclampsia and preéclampsia is much lower 
today than a decade or two ago, and prenatal care and adequacy 
in diet are usually credited with the reduced frequency. Neverthe- 
less, one occasionally sees toxemia develop in patients receiving the 
very best antenatal care. Clinical observation of our antepartum 
patients indicates that mild and severe preéclampsia seldom occur 
in patients receiving iron therapy. It is the purpose of this com- 
munication to demonstrate our experience with 539 patients thus 
treated. 

Present Study. The incidence of all types of toxemia of preg- 
nancy in 27,405 pregnant women delivered in the Woman’s Clinic 
of the New York Hospital, over a 10-year period (1932-1941), is 
10.6%. The classification of the American Committee on Maternal 
Health has been employed. As indicated in Chart 1, there has 
been a decline in the total incidence during the past few years to 
about 7%. The reduction has been primarily in the mild and 
severe types of preéclampsia as shown in Charts 1 and 2. The renal, 
hypertensive and unclassified forms of toxemia have shown no sig- 
nificant variation. The incidence of eclampsia has not varied, but 
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Cuart 1.—Incidence of toxemia of pregnancy (all types) over a 10 year period 


showing an appreciable decline. 


This appears to be due to a decrease in the inci- 
dence of mild and severe preéclampsia, since the incidences of the renal, hypertensive 


and unclassified types of toxemia showed no significant deviation 
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CuHart 2.—Incidence of severe preéclampsia and eclampsia, showing a decline in 
the incidence of severe preéclampsia which follows the decrease for mild preéclampsia 
shown in Chart 1. The incidence for eclampsia shows little significant variation 
over a 10-year period.. 
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it is 10 times less than the percentages reported in 1923 by Harrar* 
from the Lying-In Hospital, and by Plass® for the vear 1927. 

A nutritional program was instituted in 1935, the Nutrition 
lepartment of the New York Hospital collaborating in the regula- 
tion of the diet. At this time, a hematology clinic was also estab- 
lished and, as a result, various iron preparations were given to pa- 
tients in both the antepartum clinic and the hematology clinic. 
There is ample evidence in the literature that mineral requirements 
are increased in pregnancy, hence the basis for the rather indis- 
criminate use of the iron therapy. Did these factors contribute to 
the lowered incidence of mild and severe preéclampsia? 

The clinical study comprises 539 patients who received mineral 
supplement in the last trimester of pregnancy. Of these, 151 were 
given iron ammonium citrate, 212 ferrous sulphate, and 176 were 
placed on Endomin.* The daily intake of iron was 6 gm., 1.2 gm. 
and 72 mg. in these three groups, respectively. The hemoglobin 
response in many patients treated in the last trimester with either 
of the three preparations was sometimes ni/. The reduced amount 
of hydrochloric acid in pregnancy may have been a factor in iron 
absorption. Moreover, Fowler® and. Barer? have observed that 
when | to 3 gm. are given daily, that from 26% to 32% of the iron 
is retained, presumably in the liver and spleen, with negligible 
change in the hemoglobin. Perhaps these factors prevent a rise 
in hemoglobin when requirements are increased, as in pregnancy. 

The incidence of toxemia of pregnancy of all types in the patients 
receiving mineral supplement was 4.4%, or 24 cases in 539 patients. 
As shown in Table 1, this is less than half of the incidence reported 
for the control period. The chief reduction occurred in the total 
incidence of eclampsia and preéclampsia, namely, 1.68% versus 
5.68%. When the treated patients developed toxemia, one was 
often able to discover that the medication had not been taken regu- 
larly, or was commenced just before the toxemia developed, so as to 
have had very little effect. As can be expected, the treatment pro- 
duced no significant change in the incidence of renal, hypertensive 
and unclassified forms of toxemia. 


TABLE 1.—INCIDENCE OF TOXEMIA OF PREGNANCY IN 539 PATIENTS HavinG Diet 
SUPPLEMENTED WitH [RON 


Treated group Clinie incidence 
1932-1941 

Type of toxemia No. Q% % 
Eclampsia 0 0 20 
Preéclampsia, mild 8 15 4.64 
Preéclampsia, severe 1 0.18 1.04 
Renal and hypertensive disease Ss 1.5 1.56 
Unclassified 7 1.3 19 
Acute yellow atrophy, vomiting, ete. 0 1.29 
Total toxemia, all types ‘ 24 44 10.60 


* Courtesy of Reed & Carnrick. 
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Crawford’ maintains that the hemoglobin parallels the hematocrit 
near term, at delivery, and early postpartum, and concludes that 
there is no shrinkage or swelling of the red corpuscles. This view 
is open to question, since microcytosis is often marked. The average 
cell volume and hemoglobin values of 200 patients are given in 
Chart 3. Determinations were made in the various weeks of gesta- 
tion, at delivery and on the third day and six weeks postpartum day. 
The normal non-pregnant values of 44% for the cell volume and 95% 
for the hemoglobin were replaced by values of 34% and 80%, 
respectively, at term, indicating a greater percentage decrease in 
the cell volume than in the hemoglobin. Labor was associated with’ 
a slight increase in both which was maintained on the third post- 
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CuHartr 3.—Cell volume and hemoglobin values decrease in normal pregnancy 


partum day, in the absence of hemorrhage, infection and toxemia. 
At 6 weeks postpartum, the values were still a little below the non- 
pregnant values. This was not seen in the group of 8 patients 
receiving iron supplement during pregnancy whose values at term 
were: cell volume 41% and hemoglobin 93%, as shown in Chart 4. 
Ordinarily, such high values at term accompany toxemia with 
edema, as Diekmann,* Crawford,’ Pastore’ and our own experience 
have shown. In toxemic patients with edema, the high cell volume 
before delivery is followed by a great drop postpartum, even though 
hemorrhage or infection have not occurred. 

Diekmann* states that anemia predisposes to edema, and that 
edema and hypertension occur more frequently in anemic patients. 
Pregnancy is associated with a physiologic anemia or “hydremia”’ 
resulting in a fall in the hemoglobin and cell volume as shown in 
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Chart 3. This change may also be due to increased fetal and 
inaternal requirements, since the administration of minerals early 
in pregnancy prevented the marked decrease in 8 patients as shown 
in Chart 4. The lower cell volume at term may also be due to a 
decrease in red cell diameter, as microscopic examination of blood 
smears appears to indicate. 
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Cuart 4.—Cell volume and hemoglobin values. Mineral supplement appears to 


prevent a decrease if started early in pregnancy. 


TaBLE 2.—MaTeRNAL AND Fetat Data IN 176 PATIENTS RECEIVING A MINERAL 
SUPPLEMENT 


Treated patients Clinic control 
Maternal blood values at term: 
Cell volume 38 0% 34 
Hemoglobin 84.0% S81 
Be ody weight 69 4 kg. 72.2 
Duration of pregnancy 39.9 wks. 10 
Primiparas 48 0% 52 
Multiparas 52.0% 48 
Toxemia, all types 4.8% 10 7 
Blood loss 183 cc. 244 
Fetal—cord blood values: 
Cell volume 59 0% 54 
Hemoglobin 122 0% 126 
Weight: 
At birth 3388 gm. 3220 
Third day 3205 gm. 3020 
Tenth day 3407 gm. 3220 
Stillbirths 1.4% 3.5 
Excessive sized infants 10.0% 11 
Premature infants J 3.0% 2 


Mineral Supplement Study. A mineral supplement* was given to 
\76 patients on an adequate diet during the last trimester of preg- 
nancy, and data on this series of patients is provided in Table 2. 


* Endomin, courtesy of Reed & Carnrick. 
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The daily dosage of 3 tablets, t.i.d., provided 72 mg. iron, 5.4 mg, 
copper, 2.7 mg. zinc, 3.6 mg. manganese, 0.27 mg. nickel and 
0.27 mg. cobalt. The treated patients had a higher cell volume 
at term, indicating a hematinic action. The increase in hemoglobin 
was not appreciable, probably because of the increase in the number 
of red cells that were filled, and perhaps iron storage took place. 
Had treatment been started earlier in pregnancy, higher values 
might have been obtained, as indicated by the study of 8 patients 
shown in Chart 4. The weight gain was nearly 3 kg. less (6 pounds) 
in the treated patients than in the control group. This may be 
indicative of less accumulation of tissue fluid and, therefore, the 
contributing factor in the lower incidence of toxemia, namely, 
$£8%. The distribution of primiparas and multiparas was essen- 
tially the same in both groups of patients. The control values or 
percentages are those ordinarily employed in the Woman’s Clinic, 
and most of them are available in Stander’s" textbook. The average 
blood loss in the third stage of labor and the incidence of postpartum 
hemorrhage were not increased in the treated patients 

The infants born to the treated mothers had a definite increase 
in the cell volume of the cord blood, but not an appreciable increase 
in the hemoglobin. Perhaps the same factors were responsible as 
have been described above for the mothers. The average weight at 
birth was slightly greater than in the control group, as were the 
weights on the third and tenth days of life. The number of exces- 
sive sized and premature infants was not increased. There were 
fewer stillbirths in the treated group. 

Discussion. ‘lhe physiochemical causes of cellular swelling in pre- 
eclampsia are beyond the scope of this paper. Clinically, five factors 
may be borne in mind: (1) swelling of the kidney parenchyma is 
limited by a tough renal capsule; (2) the cerebral swelling is limited 
by the bony skull; (3) clinical improvement when the infant dies 
in utero; (4) maternal liver damage; (5) a seasonal variation of the 
disease (highest in the winter). 

The clinical effect of an adequate diet and the administration of 
iron and other hematinic minerals in lowering the incidence of pre- 
eclampsia has been referred to above. There is experimental evi- 
dence showing a possible relationship of iron to preéclampsia. 
Stander, Duncan and Sisson™: found 51 mg. of iron per 100 ce. of 
whole blood in non-pregnant subjects. In normal pregnancy, Sachs'® 
and his coworkers report a value of 41 mg. In preéclampsia, 
Stander'™ "4 et al. obtained a value of only 34 mg. Clinical evidence 
of iron deficiency before delivery is not confirmed by the unusually 
high cell volume and hemoglobin values in patients with pre- 
eclampsia. However, it becomes more evident postpartum when a 
marked drop in both cell volume and hemoglobin takes place. 

What mineral deficiencies affect the nutrition and structure of 
organs, especially the liver? In rats, Alt! found a markedly lowered 
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iron content of the liver in pregnancy. According to Schultze and 
Kuiken,'' deficiency in both iron and copper decreased the cata- 
lase activity of the liver, kidney and blood of the rat. Wachtel" 
and his coworkers found that rats on a zine deficient diet had an 
elevation in the blood uric acid from 3.9 to 6.1 mg. Are defi- 
ciencies in-these minerals contributory to the liver damage and 
associated changes which characterize preéclampsia? Clinically, 
the use of good diet and a mineral supplement appears to lower the 
incidence of the disease, as shown in Chart 2, which places adequate 
nutrition in the foreground as a preventative measure. 

In years gone by, chlorosis was a common condition in adolescent 
girls, and today “green sickness’’ has virtually disappeared. _Im- 
proved diet, sunlight, fresh air, and correction of iron deficiency 
have been credited with this result. The occurrence of chlorosis in 
young girls, often precipitated by the increased requirements pro- 
duced by the onset of menstruation, may be analogous to the in- 
creased requirement in pregnancy, since preéclampsia is more com- 
mon in primiparas and elderly primiparas. The decreased incidence 
of preéclampsia following a nutritional program of adequacy points 
to a deficiency in the retention of iron, and other hematinic minerals, 
as a possible underlying factor in this condition. The work of 
Barer? and Fowler® is significant in this regard. They concluded 
from iron balance studies that the loss of 5.28 mg. of iron per period 
was not met by the ordinary diet, and that such continued loss may 
deplete the iron reserves and ultimately result in anemia. If under 
such circumstances patients became pregnant, the increased fetal 
and maternal requirements are likely to precipitate a physiologic 
anemia. Such patients are more apt to develop edema and hyper- 
tension, and so perhaps preéclampsia. Administration of iron to 
avoid depletion of the storage appears to prevent this type of toxe- 
mia from developing, as stated above and also observed by Moore 
and Pillman-Williams.? 

Conclusions. 1. Establishment of a nutritional program in the 
antenatal clinic has been accompanied by a decrease in the number 
of patients having mild and severe preéclampsia. 

Physiologic anemia of pregnancy may be evidence of decreased 
absorption, increased requirements, microcytosis and depleted re- 
serves of iron and other hematinic minerals and, therefore, may not 
be — ly due to hydremia. 

There appears to be an association of physiologic anemia, 
cde ma, hypertension, and possibly preéclampsia. 

The incidence of mild and severe preéclampsia in 576 weitinte 
PM: a dietary supplement of iron was 1.68%, whereas, over a 
10-year period, 5.65% of the patients had these two types of toxemia. 

The incidence of renal, hypertensive and unclassified forms of 
toxemia was not changed in the treated patients, nor have they 
varied appreciably since the nutrition program was inaugurated. 
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6. A mineral supplement containing iron copper, zinc, mangan- 
ese, nickel and cobalt is indicated when deficiency is proven or 
suspected. 
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THE TREATMENT OF LEAD POISONING BY SODIUM 
CITRATE 


By Seymour S. Kery, M.D.* 
AND 
T. V. Letonorr, M.S. 
PHILADELPHIA, PA. 
From the Division of Biochemistry and the Medical, Neurological and Surgical 
Services of the Philadelphia General Hospital 

LEAD poisoning, despite our knowledge of its etiology and patho- 
genesis, remains one of the most important of occupational diseases. 
A new and effective agent for the treatment of this condition is 
described in the present study, which represents the results of the 
therapy of lead intoxication by means of sodium citrate in 15 cases 
of lead poisoning in adults. 

Although Aub and his group! used sodium citrate in an experi- 
ment on lead excretion in 1925, it was employed merely as a source 
of alkali and not for any specific effects due to the citrate ion. In 
1940 Kety? showed that in dilute solution sodium citrate exerts 
a powerful solvent effect on the extremely insoluble tertiary lead 
phosphate. Subsequent investigation demonstrated that citrate 
forms with lead a soluble complex of extremely low dissociation. 
By determining the value of the constant of this dissociation it was 
shown that the citrate ion normally present in human blood might 
have an important function in the transportation and excretion of 
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lead. The suggestion was offered that the administration of citrates 
might constitute a safe and effective therapy in plumbism.* In a 
preliminary clinical investigation of the treatment of lead poisoning 
with sodium citrate previously reported,’ the authors found a 
marked reduction in blood lead concentration and a rapid clinical 
improvement following citrate therapy. 


Material. Included in the present report are all adult patients under 
our observation admitted to the wards of the Philadelphia General Hospi- 
tal from August 1940 to May 1942, in whom a primary diagnosis of lead 
poisoning was established. In every case there was a known industrial 
exposure to lead, an abnormally high concentration of lead in the blood 
before treatment and sufficient cardinal manifestations of the disease 
(colic, anorexia, weight loss, constipation, neuropathy, anemia, basophilic 
stippling and lead line) to permit an unequivocal diagnosis. The occupa- 
tions represented are of interest: 7 patients were employed in lead smelting 
plants, 3 were battery workers, 1 was a painter, 1 a paint mixer, | a plumber, 
1 an oxyacetylene torch operator who had been cutting through heavily 
painted steel plates, and 1 an attendant in a shooting gallery so heavily 
contaminated with lead that the floor dust was collected and sold for 
salvage of this metal. 

Method. Nine of the 15 patients for an interval after admission received 
no medication likely to influence lead metabolism. Pain was controlled 
by tincture of belladonna, codeine or morphine, constipation treated with 
cascara sagrada, and no other drugs were administered. In this manner 
control periods were obtained and used as a means of better evaluating the 
citrate treatment. During the period of citrate therapy the patients were 
given 4 or 5 gm. of sodium citrate dissolved in 1 ounce of water, 3 or 4 times 
daily. Four patients presenting severe colic on admission were given at 
once 50 ee. of a sterile 2.5°; aqueous solution of sodium citrate by vein. 
No other drugs, with the single exception of cascara, were administered or 
even found necessary during the citrate treatment. All patients received 
the regular hospital diet throughout the study. 

On admission and at intervals thereafter blood lead concentrations were 
determined by the method of Letonoff and Reinhold® slightly modified.* 
By this method normal blood yields 0 to 0.05 mg. of lead per 100 gm. of 
whole blood. Hemoglobin values (reported as gm. per 100 ce.) were 
determined photocolorimetrically by the method of Sanford, Sheard and 
Osterberg.’ 


Results. Blood Lead Concentration. Changes in blood lead con- 
centration before and during citrate therapy are presented in 
Figure 1. It is seen that whereas there is no consistent change in 
blood lead before citrate, the administration of this substance is 
accompanied by a marked fall in blood lead concentration in every 
case, so that after 20 days of citrate therapy there is no value over 
0.1 mg. per 100 gm. Table 1 represents a summary of the statistical 
analysis of these data. No significant change in blood lead was 
found before treatment, while after 5, 10, 15 and 20 days of citrate 
therapy there was a highly significant reduction in blood lead con- 
centration. In a few patients (Cases 3, 5, 9, 11 and 12) the initial 
fall in blood lead under citrate is followed by a secondary rise during 
the course of the therapy. This rise, however, is never great, the 
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patients were symptom-free during its occurrence, and where It 
was possible to continue the observations (Cases 3, 5, 9 and 12) the 
blood lead concentrations fell once more. 
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Fic. 1.—Changes in blood lead concentration before and after treatment by sodium 
citrate. The vertical line indicates the beginning of citrate therapy. 
TABLE 1 AVERAGE CHANGE IN BLoop LEAD CONCENTRATION BEFORE AND DURING 
CITRATE THERAPY AND [Ts STATISTICAL TREATMENT 
Av. change 
No blood lead Standard 
Duration cases YPb/100 gm error t* p* Interpretation 
whout T eatment 
5 days 8 + 9.4 +14.4 0.65 0.5 No change 
10 days 4 6 0.17 21.1 0.008 0.99 No change 
Under Citrate Treatment 
5 days 14 58.9 +11.7 5.03 <0.01 Highly significant fall 
10 days . 82.7 +16.4 5.04 <0.01 Highly significant fall 
15 days 10 89.3 +25.9 3.45 <0.01 Highly significant fall 
20 days : 8 89.3 +24.8 3.60 <0.01 Highly significant fall 


* “*t’' is a value obtained by dividing a mean by its standard error, and was introduced by 
R. A. Fisher in his so-called table of ‘‘t’’ as an index of statistica! significance for small samples 

p"’ is a value obtained from Fisher's table for each value of ‘‘t"’ and represents the likelihood 
that the result in question could have arisen simply by chance Values of ‘‘p"’ below 0.05 are 
isually regarded as statistically significant, while values of the order of 0.01 or less are considered 
highly significant. 

Three patients (Cases 1, 3 and 9) were seen again several months 
after the conclusion of citrate treatment. In each the blood lead 
concentration at that time was practically within normal limits 
(0.06, 0.05, 0.053 mg. per 100 gm. respectively). 

Lead Colic. Twelve of the 15 patients had colic of some degree 
among their presenting symptoms. In the period before citrate 
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therapy this was controlled by belladonna or opiates. After the 
institution of citrate treatment, these drugs were not necessary and 
in no case was there a recurrence of abdominal pain. Four patients 
(Cases 8, 12, 13 and 15) were admitted with severe colic of several 
days duration and in these sodium citrate was given intravenously. 
Fifty cc. of a sterile 2.5% aqueous solution was administered very 
slowly since this route is not without danger. No untoward reac- 
tion was encountered, and in 2 of the patients (Cases 8 and 15) 
there was a dramatic disappearance of all abdominal pain after a 
few minutes. Citrate was continued by mouth and within 24 hours 
all patients experienced complete relief which persisted throughout 
the period of observation. 

Anorexia. Eleven patients gave a history of anorexia, associated 
in some with weight loss. During citrate therapy there was a marked 
increase in appetite in all 11 cases, and 3 patients who kept records 
of their weights noticed a steady gain during and after citrate 
therapy. 

Neuropathy. Only 2 patients exhibited true peripheral neurop- 
athy. One (Case 4) had unilateral foot drop which improved 
slightly before citrate therapy and disappeared entirely after 2 weeks 
of sodium citrate alone. The other (Case 2) presented an extremely 
severe and extensive paralysis involving all extremities and causing 
total incapacitation. He received sodium citrate, but also brewer's 
veast and physiotherapy. After 4 weeks he was able to walk and 
to use his hands, although he was still unable to raise his arms. 

Constipation. Seven patients gave constipation as a major com- 
plaint. This was the one symptom which did not respond to citrate 
therapy. During citrate treatment 1 patient (Case 15) showed 
marked improvement with regular bowel movements without laxa- 
tives, 3 patients showed slight improvement, and 3 noted no im- 
provement. 

Basophilic Stippling. A marked decrease in the number of 
stippled cells: was found at the end of treatment in every one of 
()} cases examined for these cells before and after citrate therapy. 

Anemia. All patients in the series had evidence of moderately 
severe anemia. In 10, hemoglobin was determined before and after 
treatment. Of these, 3 showed a marked increase, 3 a slight in- 
crease, and 4 a slight decrease after citrate therapy. No patient 
received medication containing iron during the study. 

General Condition. All patients experienced, and most sponta- 
ieously reported, a definite general improvement and feeling of 
vell-being in addition to improvement in specific symptoms, soon 
fter the institution of citrate therapy. 

Reactions and Other Effects. No reactions attributable to sodium 
itrate or to lead were observed during our entire experience with 
iis treatment in which some patients received 20 gm. of sodium 
trate daily for several weeks. Contrary to expectation, no symp- 
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toms of alkalosis appeared and there was no significant change in 
alkali reserve or total base of the blood (Table 2). No patient 
experienced a recurrence or aggravation of the symptoms of lead 
poisoning while receiving citrate therapy, whereas the occasional 
appearance of such reactions is alleged to be a danger in the usual 
deleading methods. 

TABLE 2.—CHANGES IN CERTAIN BLOOD SERUM CONSTITUENTS BEFORE AND DURING 


CITRATE ADMINISTRATION 
Duration 


of citrate 
treatment CoO mg. %) Protein Ca Inorg. P 
Experiment days) vol. %) (NaCl) %) mg. %) mg. %) 
l s Before 57 565 6.6 10.8 4.4 
z 53 598 7.0 10.8 4.4 
14 63 610 6.2 9.8 4.2 
2 3 : Before 57 610 6.8 10.1 6.0 
5 58 585 10.1 4.2 
12 53 600 Tia 10.5 4.2 
15 58 585 
3 : Before 50 550 Tia 9.9 3.8 
Before 54 600 6.6 9.6 3.4 
9 52 592 
4 Before 52 10.0 4.0 
Before 58 600 6.7 9.6 4.0 
7 56 585 6.6 9.4 3.8 
10 59 592 
5 Before 9.8 3.4 
Before 10.6 4.2 
5 10.7 4.2 
11 11.4 3.8 
6 Before 10.3 3.4 
5 10.9 4.0 
10 10.0 3.6 


In an attempt to determine whether the effects of citrate on lead 
poisoning were mediated through changes in the acid-base balance 
or calcium or phosphorus metabolism, some studies were made of 
changes in certain blood constituents before and during continued 
ingestion of sodium citrate. No consistent changes were observed 
(Table 2). 


Case Reports. Case 1. F.S8., white male, 49, an oxyacetylene torch 
operator, had 3 previous admissions to this hospital in 1939 and 1940 for 
lead colic which was resistant even to intravenous calcium. Fourth admis- 
sion, 8-24-40, with mild intermittent colic, constipation, anorexia, muscle 
cramps, lead line. Discharged 9-9-40 asymptomatic after 14 days of 
citrate therapy. Followed as out-patient from 10-26 to 11-16-40, during 
which time he received citrate and remained free of symptoms except for 
constipation. Last seen 2-2-41 when he was admitted for another eondi- 
tion, at which time his blood lead was 0.06 mg. per 100 gm. 

CasE 2.—W. M., white male, 60, a painter for 30 years, admitted 11-4-40 
with complete quadriplegia of 3 weeks’ progression, weight loss, vomiting. 
Discharged 12-5-40 after 27 days of citrate therapy, along with brewer's 
yeast and physiotherapy. Clinical condition on discharge much improved, 
able to walk and to use hands, weakness of shoulder girdle persisted. 
Stippled cells dropped from 4+ to 1+ under treatment. 

Case 3.—G. K., negro, 28, smelter for 5 years, admitted 12-25-40 with 
severe colic, vomiting, muscle cramps. Exploratory laparotomy done on 
admission with negative findings but followed by subsidence of colic. 
Citrate therapy started 1-11-41. After 4 days patient felt considerable 
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improvement. Followed as out-patient from 1-27 to 4-28-41 during which 
time he received sodium citrate only, gained 11 pounds and noted marked 
general improvement. Hemoglobin rose from 8.5 to 11.8 under citrate 
therapy. Last seen 3-24-42 when blood lead was 0.05 mg. per 100 gm. 

Case 4.—C. C., white male, 53, storage battery worker for 10 years, 
admitted 3-12-41 with paresthesias of the extremities, muscle cramps, 
unilateral foot drop, constipation. On regular diet and no medication he 
improved slightly, but foot drop and constipation persisted. On 3-25-41 
sodium citrate therapy was begun. After 2 weeks there was marked general 
improvement, the foot drop disappeared and the constipation was consider- 
ably improved. During treatment his hemoglobin dropped from 13.5 to 
12 gm. He was discharged 4-26-41 with no signs of lead intoxication. 

Case 5. J. N., negro, 32, smelter for 9 years, admitted 6-5-41 with 
moderately severe colic, paresthesias, generalized weakness, anorexia, vomit- 
ing, lead line. He was alleged to have received small doses of potassium 
citrate for a few days before admission without improvement. Imme- 
diately on admission he was given calcium gluconate intravenously and 
sodium citrate by mouth and was fairly comfortable for 24 hours. All 
specific therapy was then stopped and his pains were controlled by opiates 
and belladonna. After 3 days there was considerable improvement. On 
6-16-42 sodium citrate therapy was resumed. He continued to improve 
and was discharged 7-8-41. Hemoglobin was 8.8 gm. on admission and 
8.5 gm. on discharge. 

Case 6. <A. R., negro, 36, storage battery worker for 6 years, admitted 
6-5-41 with moderately severe colic, severe anorexia, lead line. For 6 days 
he was given no specific medication, his symptoms persisted and required 
belladonna daily and opiates occasionally. On 6-11-41 citrate therapy was 
begun. In 3 days he was symptom-free and he remained so until his dis- 
charge on 6-27-41. During citrate therapy his hemoglobin rose from 10.8 
to 14 gm. 

Case 7. J. W., negro, 28, smelter for 9 years, admitted 6-27-41 with 
intermittent colic, anorexia, metallic taste, vomiting, constipation, par- 
esthesias, muscle cramps. He was given no specific medication for 13 days 
during which he required occasional opiates. On 7-10-41 citrate therapy 
was started. The metallic taste disappeared, all pains and cramps ceased, 
his appetite improved but he still required mild laxatives. He stated he 
had not felt as well for 5 years at the time of his discharge, 7-21-41. During 
citrate therapy his hemoglobin rose from 9.4 to 10.9 gm. 

Case 8. J. K., negro, 33, paint mixer for 2 years, admitted 11-24-41 
with severe colic, radial weakness, constipation, anorexia, lead line. He 
was given immediately by vein 50 ec. of 2.5°% sodium citrate with dramatic 
cessation of pain even before the injection was completed. Five hours later 
the colic recurred and the intravenous injection was repeated with the same 
result. Following this injection he received 5 gm. of the salt by mouth 
and remained comfortable for the next 18 hours. He was given no other 
specific medication for 15 days, during which he required belladonna and 
occasionally opiates for mild recurrences of colic. On 12-11-41 sodium 
citrate therapy was resumed by mouth. There were no recurrences of colic, 
anorexia and muscular weakness disappeared and his constipation was 
slightly relieved. He was discharged 12-23-41. 

Case 9. B.C., white male, 34, storage battery worker 20 years, admitted 
2:19:42 with anorexia, weight loss of 40 pounds in previous year, inconstant 
colic, constipation, lead line, metallic taste. Stippled cells on admission 3+. 
During control period from 2-19 to 2-28-42 patient did not notice any 
ippreciable change in his symptoms. On 2-28-42 citrate therapy was 
started. Within 3 days there was great subjective improvement; anorexia, 
ibdominal pains, metallic taste had all disappeared. Discharged 3-8-42 
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with an oceasional stippled cell in the blood smear. Followed as an out- 
patient on continued citrate therapy with no recurrence of symptoms, 
continued weight gain, excellent appetite. Hemoglobin rose from 9 to 
10.1 gm. under therapy. Last seen 5-15-42 when he was symptom-free 
and his blood lead was 0.053 mg. per 100 gm. 

Case 10. W. B., negro, 34, smelter 2 years, admitted 3-14-42 with inter- 
mittent colic, general weakness, anorexia, weight loss, vomiting, lead line 
and 4+ stippling. During control period he received belladonna, had no 
abdominal pain and noticed slight general improvement. On 3-28-42 
citrate therapy was started. The patient was discharged 4-5-42 with great 
improvement in appetite and strength and an occasional stippled cell in the 
blood smear. Hemoglobin rose from 7 to 8.2 gm. during citrate therapy. 

Case 1l. H. C., white male, 52, plumber for 30 years, admitted 3-16-42 
with anorexia, constipation, intermittent colic, weight loss, general weak- 
ness, lead line and 4+ stippling. During control period on belladonna, 
his abdominal pains ceased but there was not much general improvement. 
On 3-28-42 sodium citrate therapy was started. By 4-2-42 there was a 
marked improvement in appetite and the feeling of lassitude had disap- 
peared, but constipation persisted. Until the time of his discharge 4-28-42 
there was no recurrence of any symptoms of lead poisoning except persistent 
constipation, and at that time his stippled cells were 1+. Hemoglobin 
rose from 8.2 to 11.7 gm. during citrate therapy. 

Case 12. R.G., white male, 30, shooting gallery attendant for 6 months, 
admitted 4-7-42 with anorexia, constipation, vomiting, lead line, stippling 
4+, and very severe colic of 5 days’ duration. He was immediately given 
50 ec. of 2.5°% sodium citrate by vein with a slight increase then a slight 
decrease in the severity of the colic. Citrate therapy was continued by 
mouth. Within a few hours there was a temporary cessation of the pain 
which returned in milder degree at increasingly longer intervals. After 
24 hours the pain completely and permanently disappeared. On dis- 
charge 4-15-42 his appetite had greatly improved and his constipation 
was gone. Stippled cells were 1+. Hemoglobin dropped from 11.3 to 
10.5 gm. during therapy. He was followed as an out-patient on continued 
citrate therapy and was last seen 5-2-42, feeling well, although his blood lead 
was 0.1 mg. per 100 gm. 

Case 13. J. P., negro, 31, smelter 3 years, admitted 4-29-42 with severe 
colic, anorexia, Weakness of grip, lead line. On admission he was given 
morphine and atropine with no relief and then 50 ce. of 2.5°% sodium 
citrate intravenously. There was no change in the severity of the colic 
and citrate was continued by mouth for 12 hours, at the end of which time 
he was perfectly comfortable. From 4-30 to 5-9-42 he received no medica- 
tion and experienced occasional recurrences of colic. On 5-9 citrate ther- 
apy was resumed and he was discharged 5-11-42 with no symptoms of lead 
poisoning. He was still asymptomatic when last seen on 5-22-42. 

Case 14. D. H., white male, 21, smelter for 1 year, admitted 5-8-42 
with moderately severe colic, anorexia, vomiting, constipation, lead line. 
He was given sodium citrate by mouth and within 12 hours the colie had 
disappeared. He was discharged free of symptoms on 5-11-42 but did 
not return for further study. 

Case 15. F. J., negro, 42, smelter for 14 years, admitted 5-13-42 with 
moderately severe colic, anorexia, weight loss, constipation, metallic taste, 
lead line and 4+ stippling. He was immediately given 50 ec. of 2.5‘ 
sodium citrate by vein with dramatic cessation of colic a few minutes afte r 
the administration. Citrate was continued by mouth and within 5 days 
there was a remarkable return of appetite, a weight gain of 5 pounds, 
daily bowel movements and disappearance of metallic taste, although the 
blood lead was still high. This patient had a urea clearance of 22 which 
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may have accounted for the slow fall in blood lead in the first few days. 
He was discharged 5-20-42 completely symptom-free, having gained 
11 pounds with stippled cells of 1+ in the blood smear. Hemoglobin on 
admission 9 and on discharge 8.2 gm. Last seen 5-27-42 when he was still 
free of all symptoms. 


Discussion. Although the removal of patients from exposure to 
abnormal quantities of lead during these studies is a factor to be 
considered in explaining the results, it can hardly be of great im- 
portance. This is demonstrated by the lack of significant change 
in blood lead or symptoms during the control periods. 

The results obtained in. this clinical study appear to be com- 
patible with the evidence concerning the pharmacologic action of 
citrates derived from physico-chemical considerations. From a 
knowledge of the nature of the lead citrate complex and its degree 
of dissociation, it was calculated*® that a considerable fraction of the 
diffusible lead in the blood stream must exist as the lead citrate 
complex even without citrate therapy, since the citrate ion occurs 
in significant amounts in normal blood.’ Being diffusible, this 
fraction should be available for excretion through the kidney. 
Since citrate is known to be metabolized by the liver,'®"' it is possible 
that after the lead citrate complex has been transported to the liver 
and the citrate utilized, the lead residuum may be discharged in 
the bile. Thus the citrate normally present in the blood may serve 
as a mechanism of some importance in the excretion of lead. When 
large doses of sodium citrate are taken by mouth, the blood citrate 
content is known to increase. By physico-chemical necessities this 
should result in an increase in the diffusible blood lead fraction at 
the expense of the non-diffusible lead of the blood and eventually of 
the tissues. It can be shown, furthermore, that during this process 
the lead ion concentration of the blood cannot increase.? Thus the 
administration of sodium citrate to patients with lead poisoning 
should result in a rapid clearing of the blood lead content. Ulti- 
nately, an extraction of deposited lead from the tissues should occur, 
accompanied by an amelioration of symptoms and an increased 
excretion of lead in the urine and feces. 

Smith,” commenting upon sodium citrate therapy, arbitrarily 
groups it among those substances which cause lead storage. It is 
difficult to evaluate this conclusion, since it is based upon a single 
case given both calcium and sodium citrate without any measure- 
ments of lead excretion. The authors, in studies of lead excretion 
in 9 cases of plumbism before and during citrate administration,” 
‘ind a significant increase in urinary and fecal lead excretion during 

itrate administration. 

Summary. |. The results of citrate therapy on 15 cases of lead 
wisoning in adults are presented. 

2. There is a marked and significant fall in blood lead concentra- 

on during citrate administration, 
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3. There is an immediate and persistent amelioration of symp- 
toms of lead poisoning during and after citrate therapy. 

t. Intravenous administration of sodium citrate relieved severe 
colic immediately in 2 of 4 patients presenting this symptom. 

5. No reactions or ill-effects of sodium citrate, or recrudescence 
of symptoms of lead poisoning were observed at any time. 


Che authors are indebted to Dr. John G. Reinhold for helpful criticism. We 
are also indebted to the late Dr. R. G Torrey, the late Dr. R. H. Thompson, Dr. W 
W. Babcock, Dr. C. L. Brown, Dr. H. W. Schaffer, Dr. H. D. Jump, Dr. T. Fitzhugh, 
Jr., Dr. W.G. Leaman, Dr. F. Baumann, Dr. 8. A. Loewenberg, Dr. J. P. North and 
Dr. D. W. Kramer on whose services the patients were treated, and to the igternes 
and nurses who coéperated in the study. 
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THE SPECIFIC DYNAMIC ACTION OF PROTEIN 
By Martin S. ABEL, M.D. 


PHILADELPHIA PA 


Ir is well known that following the ingestion of protein, and to a 
lesser extent fat and carbohydrate, there is for some time a marked 
increase in bodily energy output. This phenomenon, the specific 
dynamic action (SDA) of protein, has been the subject of consider- 
able experimentation, which has been largely inconclusive in dis- 
covering any relation between the SDA and the endocrine systems. 

The influence of the thyroid, because of its specific influence on 
basal metabolism, has been especially studied with regard to SDA, 
and the results have been controversial. In 1895 Magnus-Levy' 
and in 1916 DuBois* found the SDA of protein and carbohydrate 
practically within normal limits in hyper- and hypothyroids. Other 
experiments, also using large protein test meals, showed a slight 
increase in the SDA of protein in thyroid disease. However, al! 
these early investigations were based on small numbers of cases 


_ 
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and the measure of the SDA was usually a single metabolic reading 
despite the fact that after a large protein meal the increase in metab- 
olism lasts for many hours. 

Goldzieher and Gordon? used a small protein meal, consisting of 
the whites of 2 eggs, toast and tea, with presumably a more limited 
increase in metabolism which they felt could be adequately measured 
by the difference of 2 basal metabolic rates (BMR’s) before and 
2 hours after the test meal. With this technique in a large series 
of cases only a very slight increase was found in SDA in thyroid 
hyperfunction. Guns and van de Calseyde® used the Goldzieher 
test meal and routine to study the problem, but based their measure 
of SDA on a total caloric output which is apparently obtained more 
from the second BMR reading than from the difference between the 
two. They found increased SDA in 7 of their 8 cases of Basedow’s 
disease, in 4 cases of non-toxic goiter, and in 3 cases of toxic nodular 
goiter. They found a decrease but not to normal after thyroidec- 
tomy in 3 cases of Basedow’s disease. These experiments, while 
interesting, are apparently open to serious criticism. In the first 
place, the number of controls is woefully small—only 3. In the 
second place, their caloric measure is not a true measure of SDA 
but depends as much on the value of the first BMR as the increase 
after the test meal. 

In view of the considerable discrepancies in the values of the 
SDA of protein in thyroid disease as reported by various observers, 
it was felt that there was much in the problem still to be elucidated. 
On an a priori basis, the thyroid gland, whose function is so inti- 
mately correlated with the BMR, should play a réle in the produc- 
tion of the SDA, even though there is admittedly a lack of evidence 
to support such a view. If such a relationship existed it would give 
a measure of the ability of the thyroid to respond to stimuli, ¢. @., 
the test meal, as well as its ability to function under static, basal 
conditions. 

The histologic finding of marked acinar overgrowth in some 
thyroid glands, unassociated with marked clinical evidence of any 
toxicity, suggests the possibility of the clinical entity of a thyroid 
of borderline pathology able to function well under basal conditions, 
but perhaps unable to respond normally to an external stimulus, 

e possibly a protein meal. Such an organ might be analogous 
to a pancreas of a non-diabetic patient who has nevertheless an 
ibnormal glucose tolerance test. In evaluating the response in 
ietabolism to a test meal it was felt thatthe time element might 

‘just as important as the quantitative response, 7. ¢., a delayed or 

istened reaction might be just as significant as an increased or 

ecreased one. 

In choosing a test meal, the small protein meal of Goldzieher was 

emed unsatisfactory for two reasons: (1) the possible réle that 

e caffeine in the tea might play,® and (2) the consideration that 
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the increment in BMR, which in normals averaged only about 
13%, might not prove to be sufficiently great to give statistically 
significant differences with as coarse an instrument as the basal 
metabolism machine. In fact, Goldzieher® reported an average 
increment of 13° in his normal patients and 13.8% in his group 
with thyroid diseases. If a large protein test meal were to be used, 
it would be most important to have an adequate number of controls 
and to avoid the unreliability of a single sample reading after the 
test meal as a measure of SDA. 

Accordingly, a large protein meal, as exclusively protein as pos- 
sible, was devised. The meal consists of 100 gm. of commercial 
gelatin* dissolved in 2 bowls of hot chicken broth, and 175 gm. of 
white meat of chicken. The gelatin used was guaranteed by the 
company to contain 85% to 87% pure gelatin, and a nitrogen 
figure for a sample tested in our laboratory checked with that 
figure. White meat of chicken is somewhat variable in content but 
approximates 21% protein and 3% fat.2. The total food value of 
the meal is approximately 123 gm. of protein and 5 gm. of fat. 

To determine a measure of the SDA our subjects, following at 
least 12 hours abstinence from food and at complete rest for at least 
| hour, were given a preliminary basal metabolism test. Imme- 
diately thereafter they ate the test meal. Then 3, 5 and 7 hours 
after the first BMR successive “ basal’? metabolic tests were made. 
These latter tests were approximately 23, 43 and 63 hours after the 
meal. The patients were at complete rest for | hour preceding each 
of these latter tests. At other times during the day they were 
allowed to move about freely and drink freely, but have no other 
food or drugs until after the last reading. All patients used in the 
experiments had had previous BMR’s which agreed within a few 
points with the first BMR of the test. No test was considered 
satisfactory unless the patient had promptly consumed nine-tenths 
of the test meal. 

With these restrictions our data consist of 55 series of metabolic 
readings on 45 patients, 44 of whom were from the wards of Mt. 
Sinai Hospital of Philadelphia and | was an out-patient. For the 
majority of tests a Sanborn water basal metabolism machine was 
used, and for a few a Jones waterless machine was used. The same 
machine was used for all tests in any given series. 

A preliminary experiment consisted in taking the 4 metabolism 
readings on 2 patients, | normal and | thyrotoxic, subjected to all 
the above restrictions but not given any test meal. In each series 
there was a variation of at most —5%, indicating that disturbances 
in the wards were insufficient to affect materially the metabolic 
reading throughout the day. 

Our group of normal controls showed a wide variation in BMR 
from —27% to +34%. However, from a careful clinical and 


* Kindly donated by the Knox Gelatine Company. 
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laboratory study of these patients they were found to have no 
inetabolic complaints, and the abnormal BMR’s were due not to 
primary endocrine or metabolic imbalance but rather to causes 
incident to their illnesses. Thus the low BMR’s were due most 
likely to the low metabolism of convalescence, and the high ones 
due probably to residual, afebrile inflammations which could easily 
account for the change.* 

On the other hand, the SDA curves from the members of this 
group showed close agreement. As can be seen from Figure 1, all 
the curves have similar shapes—all values are increased over the 
first BMR, the peak is reached in the 3- or 5-hour period, and there- 
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after the curves either go down or remain relatively constant. The 
widest variation in values is at the 3-hour period, and there is much 
closer agreement at the 5- and 7-hour periods. The average value 
at the 35-hour period is +20, at the 5-hour period +19 and at the 
7-hour period +12. The ordinary statistical limits of normal varia- 
tion, of + or — twice the standard deviation,’ at the 3-, 5- and 
7-hour periods are respectively from 3 to 37, 8 to 30 and 1 to 25. 
These limits of normality are shown graphically in Figure 1 as the 
two dotted lines. The chances are less than 1 in 20 that by mere 
‘hance any one value in a normal SDA curve will lie outside these 
‘imits in either direction, and less than | in 40 that it will lie above 
the upper limits. 
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In} of these patients repeat SDA tests were made, and the repeat 
curves were found to agree very closely with the originals. 

In general the SDA curves in this group with the highest peaks 
were found to come from the patients with the lowest BMI ’s. 
The line of regression, as shown in the spot chart Figure 2, is slightly 
down, but not significantly so. These results are in agreement with 
the findings of Baldwin and Shaw,' who found a definite negative 
correlation between BMR and SDA in 20 unselected patients. 
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Our next group is 1 of 11 patients with thyroid disease who had 
SDA curves with one or more points outside the normal range. 
When these curves are examined in Figure 3, it is seen that they do 
not comprise a statistically uniform group like those from normal 
patients. The curves have their peaks at different times and there 
is a great deal of variability at each of the time intervals. The 
curves individually show a tendency to have their peaks not only 
higher than normal but also later than normal. In each case there 
is at least one point outside the normal limits. The chance of a 
normal curve attaining a peak value of as much as 34 at the 7-hour 
period, as in the curve of A. T., is about 1 in 5000. And even the 
chance of normally attaining a value of 34 at the 5-hour period, as 
in the curve of A. G., is less than 1 in 100. Moreover, the high 
peaks in our normals, as mentioned above, came from patients with 
low BMR’s, whereas the patients in this group all had normal or 
high BMR’s. 

Of the 11 patients in this group, 9 had definite clinical diagnoses 
of hyperthyroidism, either from toxic nodular or toxic diffuse goiter. 
Seven of them were operated on and the diagnosis proved by surgical 
specimen. Of these, the most toxic at the time of the SDA test 
were A. T., R. C. and S. G., all of whom had curves still rising at the 
7-hour period. In this group the most abnormal curves were ob- 
tained from the most toxic patients, and the most nearly normal 
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curves were obtained from the patients showing least evidence of 
hyperfunction and toxicity. 

The other 2 patients in this group, A. G. and H. D., had no defi- 
nite clinical diagnoses of hyperthyroidism. A. G. had a normal 
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sMR and thyroidectomy was performed chiefly for obstructive 
ymptoms. On histologic examination, however, her thyroid was 
ound to contain a fetal adenoma showing excessive papillary over- 
rowth of acinar cells. Hertzler’? feels that structural changes of 
his sort are concomitant with changes of function, although this 
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view is not universal among pathologists. The other patient, H. D., 
evidenced weight loss, palpitation, coarse tremors, excessive emo- 
tional instability and other clinical symptoms of hyperthyroidism. 
Her galactose tolerance curve peak was 30.3 in the doubtful zone. 
Her BMR’s in the hospital were +32 and +48. However, she had 
had an occasional normal BMR and, therefore, a definite diagnosis 
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of hyperthyroidism was not made. In both these cases it was felt 
that the abnormal SDA curve was an evidence of incipient or tran- 
sient hyperthyroidism not diagnosable: by other laboratory means. 

Of great interest was the change in the SDA curves of some of 
these patients as their thyrotoxicosis improved preoperatively, 
under iodine and sedative treatment, and after thyroidectomy. 
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A complete series is that of A. T., consisting of 4 SDA curves, 3 on 
successive weeks preoperatively and one 2 weeks postoperative. 
The curves of A. T., shown in Figure 4, change from the first curve, 
grossly abnormal both as to values and shape, to curves progres- 
sively more normal until the postoperative curve is within normal 
limits. That this sort of progression is not a manifestation of learn- 
ing ability is shown by the relative stability of repeat SDA curves 
on ©. 1)., a normal patient, and on F. L., a patient with severe liver 
damage unaffected by treatment. The curves of 2 other thyrotoxic 
patients also show a definite change toward normal values after 
treatment. 
THe SDA oF FPeoTEIN JN 
CURED CASES OF THYROTOXICOSIS 
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In keeping with the change toward normal of the SDA as thyro- 
toxicosis is brought under control are findings of essentially normal 
SDA curves in 3 patients with cured hyperthyroidism. Their SDA 
curves are shown in Figure 5 and have normal configurations al- 
though the values are in a low normal range. All 3 of these patients 
had thyroidectomy some years before their present admission, and 
in addition | had irradiation for a reéxacerbation of symptoms. 

Our 3 other patients with non-toxic thyroid disease had normal 
SDA curves, as shown in Figure 6. One patient, H.S., had had a 
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total thyroidectomy for cardiac disease with a resultant BMR of 

-28 and an SDA curve of rather low amplitude. The other 2 had 
non-toxic goiters, although 1, A. C., was a diagnostic problem. 
She had a BMR of +46 and manifested considerable weight loss, 
palpitation and excessive sweating. However, her thyroid was only 
minimally enlarged; a galactose tolerance curve reached a normal 
peak of 20.4, and psychic investigation justified a final diagnosis of 
anxiety state. After psychotherapy her BMR decreased to +16. 
In this case we feel that the normal SDA curve was a laboratory 
indication that this patient’s symptomatology and elevated BMR 
were not due to hyperthyroidism. 
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The final group of SDA curves, shown in Figure 7, was especially 
interesting because no report could be found in the literature of 
SDA tests on subjects with the diseases of the 4 patients in this: 
group. In common they demonstrated liver disease and abnormally 
high blood cholesterol values. Minor liver damage alone, such as 
that associated with non-obstructive cholecystitis, is insufficient to 
affect the SDA, for there were several patients in our normal group 
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with such gall bladder disease. So perhaps the added factor asso- 
ciated with the change in blood cholesterol may contribute in the 
production of the abnormal SDA in these cases. 
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The patient E. L. had a very severe, fatal liver cirrhosis and a 
blood cholesterol only moderately elevated. The other 3 patients 
had very high blood cholesterol values. C. M. was a case of 
obstructive jaundice and had a blood cholesterol of about 500. 
F. L. was a case with generalized pigmentation of unknown etiology 
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associated with a blood cholesterol persistently about 700. Biopsy 
of liver and lymph node showed severe liver cirrhosis and reticulo- 
endothelial cell proliferation, respectively. E. LeC. was a patient 
with xanthomatosis, proven by biopsy, and had no clinical liver 
disease, but must have had some of the usual liver involvement 
associated with xanthomatosis. Her 3 curves on 6,6, 6 20 and 7/14 
are correlated with the decrease under treatment of her blood 
cholesterol from about S00 to 600 to 400 respectively. The change 
in shape and amplitude of her curves to normal limits is very 
obvious. 

According to Thannhauser,” the value of the blood cholesterol 
is a reflection of the activity of the reticulo-endothelial system. 
Moreover, the liver is the greatest reservoir of reticulo-endothelial 
cells in the body. The obvious hypothesis, therefore, suggested by 
this group of cases is that the SDA is in some way mediated through 
the reticulo-endothelial system. 

Summary. |. Using a high protein test meal of chicken and 
gelatin, a technique of obtaining the SDA of protein has been 
described where the measure of the SDA has been the curve of 
{ basal metabolic readings taken respectively immediately before 
the test meal and 3, 5 and 7 hours later. Forty-five subjects were 
used and single or multiple SDA tests performed on each. 

2. On 25 patients, normal as regards absence of endocrine and 
metabolic dysfunction, essentially similar SIDA curves were obtained 
and limits of statistical normality calculated. In these patients the 
peak was reached in the third to fifth hour. The highest peaks were 
found in those patients with the lowest BMR’s. 

3. In 11 patients with hyperthyroid disease, proven or strongly 
suggested, single and multiple SDA curves had points significantly 
higher than normal levels. In those patients with excessive toxicity 
the SDA curves tend to have their peaks shifted to the right. In 
2 of the cases with only possible borderline hyperthyroidism the 
SDA was the only definitely abnormal laboratory finding. In 3 of 
the most toxic patients the SDA curves approached normal limits 
as the toxicity decreased under treatment. 

t. In 3 cases of postoperative cured hyperthyroidism and in 3 
other cases of non-toxic thyroid disease the SDA curves were normal. 

5. In 4 patients with varied diseases all evidencing some liver 
damage and elevated blood cholesterol, 2 of whom also had biopsy 
evidence of reticulo-endothelial cell proliferation, abnormal SDA 
curves were obtained. Of this group the abnormally elevated 
curves of the patient with xanthomatosis approached normal as the 
blood cholesterol level decreased toward normal. Therefore, the 
reticulo-endothelial system may be involved in the production of 
the SDA of protein. 

Conclusion. It is felt that the method of determining the SDA 
of protein, as described in this paper, may be of value in diagnosing 


ABEL: SPECIFIC DYNAMIC ACTION OF PROTEIN 425 


borderline cases of hyperthyroidism, and in determining the course 
of hyperthyroidism for appraisal of the most opportune time for 
operation. 


We should like to acknowledge gratefully the help of Dr. David Meranze in offer- 
ing constructive criticisms of these experiments and making available the laboratory 
facilities for this work, and to Misses Gallant, Miller and Shapiro for making a num- 
ber of the tests. We wish to thank also the Dietary Department for preparing the 
test meals and the Knox Gelatine Company for donating the gelatin used. 
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ATLAS OF OPHTHALMIC PaTHOLOGy. By ELBert DeCoursry, Major in 
the Medical Corps of the U. 8. Army; Formerly Pathologist to the 
tegistry; and J. E. Asn, Colonel, M.C., A. U.8., Curator, Army Medical 
Museum; Roy M. Reeve, Photographer; HELEN CAMPBELL WILDER, 
Microscopist; LAwrENcE P. AmpBroai, Technician. Prepared at the 
Army Medical Museum, Office of the Surgeon-General of the U. 8. 
Army, from material in the Registry of Ophthalmic Pathology. Third 
Edition, revised. Pp. 136; profusely illustrated. Omaha: Amer. Acad. 
of Ophthalmology and Otolaryngology, 1942. Price, $5.00. 

ATLAS OF DENTAL AND ORAL PatHoLogy. By JosepH L. BeERNIER, Major 
in the Dental Corps of the U. 8. Army, Pathologist to the Registry; 
JAMES B. Mann, Colonel in D. C., A. U.S., Formerly Pathologist to the 
Registry; J. E. Asn, Colonel, M. C., A. U. 8., Curator. Prepared at 
the Army Medical Museum, Office of the Surgeon-General, from material 
in the Registry of Dental and Oral Pathology. Second Edition, revised. 
Pp. 178; profusely illustrated. Chicago: Am. Dental Assn., 1942. 
Price, $5.00. 

ATLAS OF OTOLARYNGIC ParHoLoGy. By J. E. Asn, Colonel, M.C., A 
Curator, with the assistance of J. L. Bernier, Captain, D. C., A. 
Assistant Pathologist; Roy M. Reeve, Photographer. Prepared at the 
Army Medical Museum, Office of the Surgeon-General of the U. 8. 
Army, largely from material in the Registry of Otolaryngic Pathology. 
Third Edition, revised. Pp. 173; profusely illustrated. Omaha: Amer. 
Acad. of Ophthalmology and Otolaryngology, 1942. Price, $5.00. 
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THESE atlases have an unusual aim and occupy an unusual position 
among pathology publications. The Atlas of Ophthalmic Pathology and 
that of Otolaryngic Pathology, ‘are the outgrowth of the syllabus which 
was prepared to accompany the loan set of slides on {Ophthalmic and] 
Otolaryngic Pathology.”” They were sponsored by the American Academy 
of Ophthalmology and Otolaryngology, which has adopted them as texts 
for its Home Course Study. The Atlas of Dental and Oral Pathology 
was prepared under the authorization of the American Dental Association. 

The material is arranged, as previously, primarily as ‘atlases of morpho- 
logic pathology with only incidental allusion to clinical aspects and to 
treatment and the attempt has been made to present the material as an 
adaptation of the general principles of pathology to the special fields.” 

In the Ophthalmic Atlas, with 136 pages of text, each accompanied by 
one or more full pages of photomicrographie illustrations, many different 
lesions of the eye are treated. One gets some idea of the value of the mater- 
ial, both for instruction and for comparative reference, by perusal of the 
parallel columns of Index, where, for example, some 40 different kinds of 
tumors are listed. The slightly larger Atlas of Otolaryngic Pathology 
presents equally valuable material. One might search long without finding 
case abstracts and photographs of mastoid cholesteatoma, various congeni- 
tal defects of the middle and internal ear, xanthoma, amyloid tumor, 
leprosy, blastomycosis of larynx and so on. In the Atlas of Dental and 
Oral Pathology, a ‘rather complete revision’”’ has been made. New cases 
have been added, also several conditions affecting the pharynx, several 
pages on dental histology, gas gangrene, and several blood pictures, for 
good measure. 
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We agree heartily with all that Colonel Ash has to say about the status 
of pathology in medicine and about the desirability of specialist clinicians 
having thorough knowledge of pathology and of other basic sciences. We 
hope that the aims of the sponsors and the labors of the producers will be 
properly rewarded by the use that the Atlases are put to by the members of 
the respective associations. Even if the reward is inadequate in this 
respect, however, the material is sufficiently ample and detailed to be of 
great use to general and special pathologists of any land. The illustrations 
in their half-tone reproductions are almost as good as in their previous form, 
and the liberal use of key letters referred to in the text makes them easily 
legible by the reader. E. K. 


Manvuat or Dermatotocgy. Mepican Manuats NATIONAL 
ResearRcH CounciL. By Donatp M. Piutuspury, M.D., Marion B. 
SULZBERGER, M.D., and CLareNcEe 8. Livincoop, M.D. Pp. 421; 
109 illustrations. Philadelphia: W.B. Saunders Company, 1942. Price, 
$2.00. 

Tuts volume is one of a series developed to furnish the medical depart- 
ments of the United States Army and Navy with compact presentations of 
necessary information in the field of military medicine. 

The diagnosis and treatment of the common skin diseases affecting per- 
sons of the age-sex group in the armed forces are briefly discussed. The first 
166 pages are devoted to practical directions for use of the manual; diag- 
nosis based on the primary and secondary lesions and on the history; 
diagnosis based on distribution and of eruptions of commonly involved sites; 
principles of local treatment. It appears to the Reviewer that reduction 
of the unusually large size of the illustrations and of the wide type in 
printing could have been utilized in discussion of tropical skin diseases, 
which are omitted from the text, and more discussion of some of the com- 
mon skin diseases without increasing the number of pages. 

In the formulary, there are preparations such as vioform powder, anthra- 
lin, sodium lauryl sulfate, chlorhydroxy-quinolines, that are not well known 
except to dermatologists. The formulary also includes recently developed 
insecticides, the use of which the authors state they have had no experience. 
It is doubtful if some of the 11 instruments in Figure 109 are ever used 
except by the dermatologist. J. K. 


THe VARIETIES OF TEMPERAMENT. By H. SHEevpon, Px.D., M.D., 
Department of Psychology, Harvard University, and 8. 8. Srevens, 
M.D., Harvard University. Pp. 520; 7 figures. New York and 
London: Harper & Brothers, 1942. Price, $4.50. 

In this volume the author makes use of a frame of reference for morpho- 
logie description of the human physique which he has already established 
in a previous volume, Variety of Human Physique. This frame of reference 
consists of three fundamental types of physique or somatotypes, namely, 
endomorphic, mesomorphie, and ectomorphic. 

The present volume deals with Temperament as a part of the fundamental 
dynamics of human personality. The Temperament is described as that 
“level of personality just above physiological function and below acquired 
attitudes and beliefs—it is the level where basic patterns of motivation 
manifest themselves.’’ The author in the first part of the book describes 
how from a list of 6250 “ traits” of human beings he selected 60 fundamental 
ones which he used in a study of 200 young men. This study was carried 
out by morphologic analysis together with the “trait” analysis in a series 
of 20 analytical interviews for each subject extending through an academic 
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vear. During the interviews a physical and health history genetic and 
family history, economic, social, sexual, educational and wsthetic histories 
were taken, as well as noting characteristic traits and habits, and in special 
cases, when necessary, resorting to free-association and even to dream 
analysis. He then presents a detailed report of the 200 individual cases. 
In the latter part of the book he discusses the tentative conclusions which 
in brief are—the 60 traits can be divided in three groups of 20 and these 
three groups in turn correlated with the morphologic types in the order of 
+0.80. The theoretical considerations put forth are quite interesting and 
illuminating. 

It should be stressed that the author is careful to point out that this 
method of study of “constitutional psychology” as described by him is at 
the present time only of value as a method of investigation in the hands 
of those people who have been trained in ‘constitutional psychology.” 
This entails obtaining graduate psychology work, a degree in medicine as 
well as at least a year’s training in this particular method, after which the 
individual preferably should receive a year’s training in a psychiatric insti- 
tution as well as an adequate period of psychoanalysis. O. R. 


BLOOD SUBSTITUTES AND BLoop TrRANsFUSION. Edited by Sruarr Mupp, 
M.A., M.D., Professor of Bacteriology, University of Pennsylvania School 
of Medicine, Philadelphia, and Wittiam Tuatuimer, M.D., Director, 
Human Serum Division, Public Health Research Institute of the City of 
New York, Inc. Pp. 407; 94 figures. Springfield, Ill.: Charles C 
Thomas, 1942. Price, $5.00. 

Tuis book, a symposium monograph, is the product of 77 authors whose 
contributions were presented, and of those who discussed these contribu- 
tions at the annual meeting of the American Human Serum Association, 
held in Cleveland on June 2 and 3, 1941. In many instances the results of 
work subsequent to the association meeting have been introduced by the 
authors. The 38 chapters, each of which constitutes a separate contribu- 
tion, are divided into 7 sections, whose titles in the order of arrangement 
are: Etiology and Mechanisms of Secondary Shock; Methods of Preserva- 
tion of Plasma and Serum by Desiccation and by Freezing; Hemoglobin, 
Serum Albumin and Casein Digest as Blood Substitutes; Blood Substitutes 
in the World Emergency; Whole Blood: Storage, Transportation, Admin- 
istration, Isoagglutinins and Blood Group Specific Substances; Therapeutic 
Experiences with Serum and Plasma; and a “recapitulation and outlook”’ 
by Dr. Mudd. 

Thus, we find an analysis of the mechanisms of secondary shock leading 
to the generalization that the basic physiologic defect is reduced circulating 
fluid volume. The many questions relating to procurement, preservation, 
administration and efficacy of human serum and plasma are presented and 
discussed in detail. Experiments with other blood substitutes, human 
hemoglobin and human and bovine serum albumin, are described. Aspects 
of the storage, transportation, and administration of whole blood are 
included. The wartime application of this very vital subject is presented. 
Each contribution is usually followed with a substantial number of refer- 
ences. 

The assembling of this material into a handy volume comes at a very 
useful time in view of the many and relatively recent advances in this 
field, the rather widespread establishment of blood banks in hospitals, and 
the great impetus given by the belligerent nations. This book is a well- 
recommended volume for both the investigator and clinician working in 
the field of ‘‘blood substitutes and blood transfusions.” M. T. 
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Morris’ Human A COMPLETE SysTEMATIC TREATISE. Edited 
by J. Parsons ScHagrrer, A.M., M.D., Pu.D., Sc.D., Professor of 
Anatomy and Director of the Daniel Baugh Institute of Anatomy, 
Jefferson Medical College, Philadelphia. Tenth Edition. Pp. 1635: 
1155 illustrations. Philadelphia: The Blakiston Company, 1942. 
Price, $12.00. 

PROFESSOR SCHAEFFER, the new editor of this book, has replaced 
Prof. C. M. Jackson, who has withdrawn due to illness; however, the latter 
continues to be a contributor in collaboration with Prof. R. F. Blount, now 
of the University of Texas. Other new contributors and their sections are 
as follows: J. C. B. Grant (Univ. of Toronto), the musculature; B. M. 
Patten (Univ. of Michigan), the cardiovascular system; H. Cummins 
(Tulane Univ.), the skin and mammary glands; Olof Larsell (Univ. of Ore- 
gon), the nervous system. Death has removed Professors Bardeen, Sr., 
and Stockard as contributors, and Professor Hardesty has retired from 
active participation. 

In the present edition the printed page is both longer and wider, making 
it possible to set more of the fundamental text matter in the larger type, 
without increasing significantly the number of pages, and thus adding to 
ease of reading. Use of smaller type has been continued for items of special 
interest; but a considerable amount of the former small print has been 
changed to larger size. Significantly, many new and better illustrations 
have replaced former ones, and this is particularly true in the sections on 
development and the cardiovascular system. The Reviewer is sorry to 
note that many of the cross-section illustrations have been dropped from 
the section on musculature. It is apparent that most of the sections have 
been revised or rewritten to varying degrees. The section on developmental 
anatomy is presented in an entirely new fashion, dealing more with the body 
as a whole, rather than devoting space to the different systems. This is a 
particularly good presentation in a textbook of anatomy. Some of the see- 
tions show relatively little change—one containing exactly the same bibliog- 
raphy as found in the previous edition. The Editor is to be congratulated 
on his very comprehensive and useful index, which required 118 pages. 
This definitely increases the value of the work, both as a student’s textbook 
and as a reference book. As a whole, the changes made in this edition 
justify its revision, and it should enjoy a continued increasing popularity. 

M. T. 


QOsSLER’S PRINCIPLES AND PRACTICE OF MEDICINE. Originally written by 
Sin Oster, Bart., M.D., F.R.C.P., F.R.S. By Henry A. 
Curistian, A.M., M.D., LL.D., Hon. Sc.D., Hon. F.R.C.P. (Can.), 
F.A.C.P., Hersey Professor of the Theory and Practice of Physic, Emeri- 
tus, Harvard University; Physician-in-Chief, Emeritus, Peter Bent 
Brigham Hospital; Visiting Physician, Beth Israel Hospital, Boston. 
Fourteenth Edition. Pp. 1500; some tables and figures. New York: 
1). Appleton-Century Company, 1942. Price, $9.50. 

Tue delight with which English-speaking physicians delved into the first 
edition of Osler, with its freshness of vision, first-hand content of material, 
unhackneyed text, and breezy often anecdotal phraseology, can be recalled 
by many who now welcome this semicentennial edition, the second to be 
produced by Dr. Christian, after Thomas McCrae had revised three. The 
almost constantly triennial appearance of a new edition through these 
50 years is sufficient in itself to brand this the greatest of modern textbooks 
of medicine. 

Comparison of this 14th with the Ist edition at once brings out two facts: 
how much all branches of internal medicine have progressed in 50 years, 
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and how well the three editors have demonstrated that good adaptation is 
rewarded by success, as well as being necessary for survival. In the course 
of 13 editions, the arrangement as well as the content of material has been 
greatly changed. The classification of diseases by etiology, which at first 
occupied about one-third of the text in different parts of the volume, now 
requires one-half of the space and withdraws such diseases as the pneumonias 
and rheumatic fever from their former positions in the respiratory and 
constitutional sections into infectious diseases. The number of new con- 
ditions, even new sections (such as diseases due to viruses, rickettsias, 
deficiency and endocrine disease) is large and to be expected. Instead of 
6 “Infectious Diseases of Doubtful Nature,” we now fine 14, though 
knowledge of Onyalai, Big Heel, Barecoo and others may not be vitally 
necessary to most users of the book. 

Many sections still retain their historical paragraphs and characteristic 
Oslerian touches. Though one would have greater difficulty today in 
preparing a set of non-medical examination questions from the 14th than 
from the Ist edition, the younger Aphrodite still appears and Plato still 
influences, and v. Helmont’s bloody Moloch still warns against excessive 
bleeding (p. 61). Pepper (Secundus), H. C. Wood and Palmer Howard 
are still included in the story of pernicious anemia. 

To indicate the many improvements in the present edition is beyond our 
scope. The everincreasing speed of medical progress, especially in the field 
of treatment, has required unusual labor for the new edition. The increased 
number of references at the end of each chapter reflects this situation, which 
Dr. Christian’s retirement from teaching and hospital work undoubtedly 
helped him to meet. He is to be most warmly congratulated on the success 
with which he has ‘‘changed the text to fit recent advances in medicine 
and yet has preserved that spirit of the past editions, which has seemed to 
fill so well the needs of students and practitioners.”’ KE. K. 


CLinicaL ANESTHESIA. By JoHn 8. Lunpy, B.A., M.D., Head of Section 
on Anesthesia, Mayo Clinic; Professor of Anesthesia, Mayo Foundation 
for Medical Education and Research, Graduate School, University of 
Minnesota; Diplomate and Member of the American Board of Anesthesi- 
ology, Inc.; Member of the Subcommittee on Anesthesia, National 
tesearch Council. Pp. 771; 266 illustrations. Philadelphia: W. B. 
Saunders Company, 1942. Price, $9.00. 

Tuis is an extremely difficult book to review. The author’s purpose in 
writing it is “to describe most of the methods of anesthesia that I regularly 
employ and some that I use only occasionally.’”’ The result is necessarily 
not an inclusive coverage of clinical anesthesia as the title implies, but an 
account of anesthesia practices at the Mayo Clinic. A tremendous amount 
of work has been done by Dr. Lundy and it is this vast experience which he 
outlines. 

Some advantages accrue from this type of presentation. For example, 
regional anesthesia—a strong point at Rochester since 1920—is admirably 
discussed. Furthermore, there is a certain benefit to be derived from the 
consideration of an individual’s particular beliefs, likes, and dislikes; and 
since this is essentially an individual presentation, the reader has this 
opportunity here. 

The volume does not lend itself readily to reading, probably because of 
loose organization. A laudable attempt has been made in presenting a 
section on Choice of Anesthetics. There is no comprehensive bibliography. 
In all fairness to the author it should be pointed out that these omissions 
may be intentional, since they are recognized in the foreword. 


R. D. 
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SurGicaL ParHoLtocy. By Boyp, M.D., LL.D., M.R.C.P. 
(Eprn.), F.R.C.P. (Lonpb.), Drei. Psycu., F.R.S.C., Professor of Pathol- 
ogy, University of Toronto. Fifth Edition. Pp. 843; 502 illustrations, 
16 colored plates. Philadelphia: W. B. Saunders Company, 1942. 
Price, $10.00. 

Goop textbooks of surgical pathology in English are considerably rarer 
than those on General and Special Pathology. Many advances have been 
made in the 4 years since the 4th edition of this work appeared, so that this 
edition is timely as well as generally desirable. 

In Thoracic Pathology, progress has been so great that a new chapter has 
had to be added, and it is a good one. Other new subject matter includes: 
“head injuries, wound infections, anaérobic streptococcal infections of the 
skin, burns, dermatofibroma, Hurthle-cell tumor, duodenitis, chronic ulcera- 
tive colitis, liver death (7. e., sudden death during operation on the liver— 
I'p.), bile peritonitis, pyelonephritis in relation to arterial hypertension, acid 
phosphatase in carcinoma of the prostate, interstitial endometrioma, plasma 
cell mastitis, fibrosing adenomatosis of the breast, osteomyelitis of the fron- 
tal bone, Arnold-Chiari malformation, skeletal lipoid granulomatosis, injur- 
ies, and tumors of nerves, synovial sarcoma, Ollier’s disease, Morquio’s 
disease, osteoid-osteoma, reticulum cell sarcoma, liposarcoma, and eosino- 
philic granuloma of bone.”’ 

The references at the end of each chapter, now advisedly classified accord- 
ing to subject, have been usefully amplified. E. K. 


INTRODUCTION TO THE PsyCHOANALYTIC THEORY OF THE Linipo. By 
RIcHARD STeRBA. Nervous and Mental Disease Monograph, No. 68. 
Pp. 81. New York: Nervous and Mental Disease Monographs, 1942. 
Price, $2.00. 

Tue author protests against those analysts who refuse to acknowledge 
Freud’s theory of the instincts, wherein they are considered as active 
stimuli that come from within the body and flow into the psyche. The 
master told of two large groups of instincts that are antagonistic—those 
concerned with self-preservation and those of sexuality. In Freudian 
psychology, the libido is concerned solely with sexual pleasure and desire, 
and its development in the child is here considered in the following order: 
first and second oral phases; first and second anal phases; sadism and 
masochism; the genital phase; the latency period and puberty. It is 
stated that those who practice perversions, or indulge in fantasies pertain- 
ing thereto, would include half of mankind. Doubtless the true analyst 
followers of Freud will approve of much that this monograph offers. 


STARLING’S PRinciPLES OF HuMAN PuystoLocy. Edited and Revised by 
C. Lovarr Evans, D.Sc., F.R.C.P., F.R.S., LL.D. (b’ Ham), Jodrell Pro- 
fessor of Physiology in University College, London. Chapters on the 
Special Senses Revised by H. HarrripGe, M.A., M.D., Sc.D., F.R.S., 
Professor of Physiology at St. Bartholomew’s Medical College. Eighth 
Edition. , Pp. 1257; 673 figures. Philadelphia: Lea & Febiger, 1942. 
Price, $10.00. 

Tue 8th edition of Starling has been revised, partly rewritten and new 
material added, in accordance with changes in viewpoint and advancement 
in knowledge of the subject material. As in the previous editions, certain 
biochemical aspects of physiology are included and well presented. Refer- 
ences are given in footnotes and at the end of each section. 
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Always an excellent text in human physiology, this modern edition 
maintains and adds to the virtues of its predecessors. While the specialist 
in any given field of physiology might differ in some details with the point 
of view presented, on the whole the subject material is eminently sound, 
well selected and clearly presented, and free of involved controversial dis- 
cussions which confuse the student. It is in fact what it is intended to be 
a scientific presentation of the principles of human physiology without stress 
on the clinical application, as in some recent texts for medical students 

The choice between these two types of texts in medical teaching must 
rest in the first instance upon the soundness and adequacy of the presenta- 
tion of the fundamental principles of physiology. S. G. 


UNDAMENTALS OF PsycutatRy. By Epwarp A. Srrecker, M.D., Se.D., 

F.A.C.P., Professor of Psyehiatry and Chairman of the Department, 

Undergraduate School of Medicine, University of Pennsylvania; Psychia- 

trist to the Pennsylvania Hospital; Attending Psychiatrist, Psvehopathie 

Division, Philadelphia General Hospital. Pp. 201; 15 figures. Phila- 

delphia: J. B. Lippincott Company, 1942. Price, $3.00. 

BELIEVING that in the present world crisis it is imperative that some 
psychiatric knowledge be available for physicians in civil and military life, 
the author offers this manual to supply that need. There are important 
chapters on Etiology, Classification of Mental Diseases, Methods of Exam- 
ination and Symptoms, Organic Psychoses, Functional Psyehoses and Psy- 
choneuroses, and The Psychiatry of War. This last chapter discusses the 
impact of war, war and the civilian, war and the soldier, and treatment of 
military neuropsychiatric disabilities. 

Some of the more drastic forms of treatment are described, such as pro- 
longed narcosis in the manie reactions and schizophrenia, and the shock 
treatment, particularly in the latter psychosis; also leukotomy in the pre- 
frontal areas, thereby severing some of the fibers between the ideational 
and emotional regions. Obviously, only skilled workers should adopt such 
measures and then only in hospitals fully equipped for such procedures. 

Hysteria is discussed as a neurosis, also as a neuropsychosis and psycho- 
neurosis; such a loose use of terms is not in accord even with the dictionary 
and will prove confusing to the average practitioner. It is enlightening to 
learn that civilians who seek the deeper bomb-proof shelters show more 
fear than do those intimately concerned with bombings, such as workers 
in fire brigades. A relative but not an absolute increase in crime is observed 
at the present time. The manual is informative and will meet the needs 
of many critical situations. N.. 2. 


THE Hemorrwacic AND THE PHystoLoGy oF Hemostasis. By 
ARMAND J. Quick, Pu.D., M.D., Associate Professor of Pharmacology, 
Marquette University School of Medicine. Milwaukee, Wis. Pp. 340; 
24 illustrations. Springfield, Ill.: Charles C Thomas, 1942. Price, $5.00. 
Tuts volume is the most valuable monograph on the hemorrhagic diathe- 

sis that has appeared in recent years. The Author’s work, much of which 

has appeared in the pages of this Journal, indicated the true cause of the 
hemorrhagic tendency in jaundice and paved the way for the treatment 
of this condition by vitamin K. He is not only a distinguished investigator 
but a very able writer. 

The presentation of the history and physiology of blood coagulation in 
the opening chapters of the book makes one of the most complicated sub- 

jects in medicine remarkably clear and understandable. This comprises a 
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very valuable portion of the book. The subject of blood coagulation is 
perhaps one of the most under-emphasized aspects in the whole realm of 
medicine and Dr. Quick’s monograph, coming soon after an important series 
of advances had been made, should be very profitable reading for physicians 
and physiologists alike. J. R. 


TEXTBOOK OF FRACTURES AND DISLOCATIONS COVERING THEIR PATH- 
OLOGY, DIAGNOSIS, AND TREATMENT. By KELLOGG SPEED, 8.B., M.D., 
F.ALCLS., Professor of Surgery (Rush) of the University of Illinois; 
Attending Surgeon, Presbyterian Hospital; Formerly Attending Surgeon, 
Cook County Hospital, Chicago, Ill.; Fellow, American Surgical Associa- 
tion and American Orthopedic Association; Member of the Central Com- 
mittee on Fractures of the American College of Surgeons; Chairman of 
the Fracture Exhibit Committee of the Scientific Exhibit of the American 
Medical Association; Chairman, Chicago Regional Fracture Committee. 
Fourth Edition. Pp. 1106; 1140 engravings. Philadelphia: Lea & 
Febiger, 1942. Price, $12.50. 

Dr. SpEED’s book on fractures is a welcome relief from the current trend 
toward the edited textbook written by contributors or their. assistants. 
One feels that the book truly presents considered judgments based on long 
experience in the management of fractures. 

Dr. Speed’s important position in the surgical profession has undoubtedly 
provided unusual opportunities for keeping in contact with new develop- 
ments in fracture treatment in all parts of the country. Many of these 
newer methods are presented and some of them are recommended. 

The sane viewpoint, practical recommendations, and the concrete experi- 
ences frequently cited combine to make this one of the best reference books 
on fractures available to student, general practitiouer, or surgeon. The 
hook is abundantly illustrated and while the illustrations do not appear 
to have been revised as thoroughly as the text they are for the most part 
clear and valuable. J. R. 


Anoxia. Its Errect on THE Bopy. By Epwarp J. Van Liere, Px.D., 
M.D., Professor of Physiology and Dean, School of Medicine, West 
Virginia University, Morgantown. Pp. 254; 16 figures and index. 
Chicago: University of Chicago Press, 1942. Price, $3.00. 

A review of the literature dealing with this subject is especially oppor- 
tune now because of the very rapid expansion of interest in problems of 
aviation, among which anoxia is of course prominent. The Author for 
many years has had intimate contact with some phases of the anoxia prob- 
lem and is well qualified for the task of assembling the voluminous, often 
conflicting, data and opinions. He has done this thoroughly and has 
included a complete bibliography, so that the book should prove valuable 
not only to specialists in aviation medicine but also to general practitioners 
and to students and researchers in physiology. C.S. 


\ or Aviation MepicineE. By Esse Curtis Horr and 
Joun Farquyar Fuvron. Prepared for the Committee on Aviation 
Medicine, Division of Medical Sciences, National Research Council Act- 
ing for the Committee on Medical Research, Office of Scientific Research 
and Development, Washington; D. C. Pp. 237. Springfield, IIL: 
Charles C Thomas, 1942. Price, $4.00. 

Comment upon a Bibliography gives scarce opportunity for rhetoric upon 
the part of the Reviewer. But in this case no difficulties arise. Hoff and 
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Fulton have done a superb job in thoroughness, arrangement, codification, 
and format. The Bibliography comprises over 6000 references from all 
sources including extensive quotations from the Russian and the Japanese 
literature. Altogether some 800 different journals are cited. The arrange- 
ments and classification of the author and subject indices comprising 
thousands of articles is a task in itself. Soon we are coming to the situation 
where in rapidly developing and expanding fields periodic accumulations of 
literature references become vital to the expert. The Authors have shown 
in splendid fashion the way this can be done. W. S. 


THE CONQUEST OF BACTERIA (FROM SALVARSAN TO SULPHAPYRIDINE). By 
F. SHERWOOD TayYLor, with a foreword by Henry E. Sicerist. Pp. 163, 
with index. New York: Philosophical Library and Alliance Book Corp. 
Price, $2.00. 

Tuts book is intended for laymen and the first 73 pages contain an 
interesting and quite adequate account of the perspective of chemotherapy 
(the development of the germ theory of disease, the defenses of the body, 
the naturally occurring specific drugs, and the rise of the synthetic drug 
industry). The remaining pages are devoted to chemotherapy, 70 of them 
to the sulfonamide group. Pages 111 to 115 contain a description of the 
operation of the laws of chance in clinical tests of new drugs, and this can 
be read with profit by most practitioners of medicine. The theme of this 
book is perhaps the most interesting in current medicine and the Author 
does it full justice. Unfortunately the viewpoint throughout is that of the 
English in 1940 and M & B 693 (sulfapyridine) is presented as the nearly 
perfect solution of problems of chemotherapy; developments between 1940 
and the publication date (March, 1942) are not mentioned; sulfathiazole 
receives brief mention but sulfadiazine and sulfaguanidine do not, and 
American readers will be left wondering why sulfapyridine is no longer 
widely used in this country. G8; 


THE CLINICAL APPLICATION OF THE RORSCHACH TEsT. By RuTH BocHNER, 
M.A., Psychologist, Formerly Bellevue Psychiatrie Hospital, and 
FLORENCE HavpreN, M.A., Psychologist, Bellevue Psychiatrie Hospital. 
Introduction by Kart M. Bowman, M.D., Professor of Psychiatry, 
University of California Medical School. Pp. 216. New York: Grune 
& Stratton, 1942. Price, $3.00. 

In 1921, Hermann Rorschach, a psychiatrist, brought forth his psycho- 
diagnostic method test, known as the Rorschach or ink-blot test. The 
following year, at the age of 38, the brilliant Swiss research worker died. 
While the subject is of compelling interest to psychiatrists whom it may 
aid in prognosis and treatment, until the last few years, most of its inter- 
pretations of personality have been made by psychologists. Application of 
this test is through the medium of 10 cards that are standardized copies of 
ink-blots, so chosen that they may hold suggestive value for the responsor. 
Symbols representing the complete responses from all 10 cards must be 
recorded. Following the scoring is a tabulation for the complete record. 
The relationship of the actual responses from each card, to the total number 
of responses, is expressed in percentages and is quite a problem. Following 
the completed scoring comes the interpretation, in which a single factor is 
never of more than a relative proportion of examiner’s interpretation of the 
10 card assemblage. 

The Authors give actual interpretations from their records of children, 
adults, mental defectives, neurotics, schizophrenics, and of organic diseases. 
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The Reviewer regrets the absence of that troublesome and_ perplexing 
entity, the psychopathic personality. After indicating the wide ramifica- 
tions and uses of this technique, the authors admit that numerous important 
problems are yet unsolved and mention lack of established norms. 
Though the volume with its many symbols and interpretations does not 
lend itself readily to adequate review, it is a valuable and stimulating 
contribution to the ink-blot test literature. An abundant bibliography is 
appended but there is no index. Me 


CHEMISTRY AND PHYSIOLOGY OF THE VITAMINS. By H. R. ROSENBERG, 
Sc.D. Pp. 674; many figures and tables. New York: Interscience 
Publishers, Ine., 1942. Price, $12.00. 

DurinG the past 10 years tremendous strides have been made in the 
development of the chemistry of the vitamins. This monograph brings 
together, for the first time, a rather detailed summary of these advance- 
ments. In addition to the chemistry, considerable space is also given to a 
discussion of the physiology of the vitamins. 

A separate chapter is devoted to each of the known vitamins and the 
presentation of the subject within each chapter follows a rather definite 
outline. As an example, the chapter on pantothenic acid is subdivided into 
the following headings: 1, Nomenclature and Survey; 2, Chronology; 
3, Occurrence; 4, Isolation; 5, Properties; 6, Chemical Constitution; 7, 
Synthesis; 8, Industrial Methods of Preparation; 9, Biogenesis; 10, Speci- 
ficity; 11, Determination; 12, Standards; 13, Physiology of Plants and 
Microérganisms; 14, Animal Physiology; 15, Avitaminosis and Hypovitam- 
inosis; 16, Hypervitaminosis; 17, Requirements. The other chapters 
follow essentially the same outline. In addition to the subjects mentioned 
above there is a chapter on the unidentified vitamins and one on the “ vita- 
gens’ —-a term used by the author to designate a dietary essential not 
classed as a vitamin or a mineral. These compounds include the essential 
fatty acids, the essential amino acids, choline, ete. At the end there is a 
patent index in which are listed the United States, British, German and 
French (and a few from other countries) patents dealing with the vitamins. 

Unquestionably a great deal of labor has gone into the preparation of this 
monograph for a vast amount of the literature has been covered. References 
to the literature are given in footnotes at the bottom of each page. On the 
whole, the book is well done and supplies a real need especially in respect 
to the chemistry of the vitamins. It is so written and the subject matter 
has been so selected and arranged as to be very useful for those whose 
interest lies in the practical as well as the academic field. J. J. 


BIOLOGICAL SyMposta VoL. LX. Sex Hormones. Edited by F. C. Kocn, 
Chairman of the Department of Biochemistry, University of Chicago, 
and Paiuip E. Smirxa, Professor, College of Physicians and Surgeons, 
Columbia University. Pp. 146; 25 illustrations. Lancaster: The 
Jacques Cattell Press, 1942. Price, $2.50. 

Tuts book is composed of 8 invitation papers presented in two symposia, 
the symposium on Sex Hormones--Their Action and Metabolism presented 
at the Fiftieth Anniversary Celebration of the University of Chicago in 
September 1941, and the symposium on Hormonal Factors in the Inversion 
of Sex presented at the annual meeting of the American Association of 
Anatomists in April 1942. The titles of the papers describe adequately 
the phases of the subject which were covered and the names of the par- 
ticipants is sufficient guarantee of the quality of the contributions. 
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The papers given at the first symposium are as follows: The comparative 
biology of testicular and ovarian hormones (Carl R. Moore, Professor of 
Zoology, University ol Chicago): The comparative metabolic influence of the 
testicular and ovarian hormones (A. T. Kenyon, Department of Medicine, 
University of Chicago); The metabolism of estrogens (IE. A. Doisy, Professor 
of Biological Chemistry, St. Louis University); and The excretion and 
metabolism of male sex hormones in health and disease (Prof. F. C. Koch, 
the Senior Editor). 

The papers presented at the second symposium are: Sex inversion in the 
plumage of birds (C. H. Danforth, Professor of Anatomy, Leland Stanford 
University) ; Sex inversion in Amphibia (R. R. Humphrey, Professor, School 
ol Medicine, University of Buffalo): Hormonal factors mn Sex inversion 
(Dr. R. R. Greene, Northwestern University Medical School); and Hor- 
mones and the experimental modification of sex in the opossum (Prof. R. K. 
Burns, Jr., Department of Embryology, Carnegie Institution). 


C. 


THE Microscore. By Simon Henry Gace, Emeritus Professor of Histol- 

ogy and Embryology in Cornell University. Seventeenth Edition. 
Pp. 617; 313 figures. New York: Comstock Publishing Company, 1942. 
Price, $4.00. 

Tuts classic in scientific literature, far from resting on its laurels, con- 
tinues its efforts to keep abreast of the times. ‘‘Changes have been made 
in every chapter in the text and often in the illustrations. Attention has 
been called to the newly devised Electron Microscope with its greatly 
increased magnifying power and resolution over the ordinary microscope: 
to Polaroid for the micro-polariscope; to some new plastics for mounting 
in place of Canada balsam; to the high-pressure mercury lamps for ultra- 
violet radiation and the bright mercury lines for photographing objects 
with the microscope. In general, however, the book retains its forme 
character.” In addition to explaining the principles of the various forms 
of microscopes and how to use them, methods of preparing tissues, micro- 
drawing and photography and a brief history of lenses and microscopes 
included. Atmosphere is furnished by the author’s dedication to the 
memory of his pupil Theobald Smith. KE. K. 


THE Mepicat Cuinics or Norra America (Vol. 26, No. 6, Philadelphia 
Number). November, 1942. Pp. 1935; many illustrations. Phila- 
delphia: W. B. Saunders Company, 1942. Price, year, $6.00. 

Tus compact volume on endocrinology offers a very useful and practical 
approach to a subject which can be confusing and theoretical. Our present 
limitations in both diagnosis and therapy are well outlined, although in 
most cases future possibilities are suggested. The occasional instances of 
repetition and antagonistic opinions, necessitated by a work of this kind, 
in most cases, add to rather than detract from the value of the book. The 
only noteworthy omission is that of a section devoted to parathyroid dis- 
orders. All in alla valuable summary of present-day endocrinology for 
both the specialist and the general medical practitioner W. K. 


NEW BOOKS 


Understand Your Ulcer. By B. Crown, M.D., '.P., Associate 
in Medicine, Gastro-Enterology, Mt. Sinai Hospital, New York; Asso- 
ciate in Medicine, Columbia University. Pp. 199; 19 figures, various 
tables. New York: Sheridan House, Publishers, 1943. Price, $2.50, 


BOOK REVIEWS AND NOTICES 437 


Virus Diseases. By Members of the Rockefeller Institute for Medical 
Research; THomas M. Rivers, M.D., WENDELL M. SraNnuey, Pu.D., 
Louis O. KunkeL, Pa.D., Ricnarp E. M.D., Frank L. Hors- 
FALL, JR., M.D., and Peyron Rous, M.D. Pp. 170; several plates. 
Ithaca, N. Y.: Cornell University Press, 1943. Price, $2.00. 

Autonomic Regulations. By Ernst GeLityorn, M.D., Px.D., Professor of 
Physiology, College of Medicine, University of Illinois. Pp. 373; 80 illus- 
trations and frontispiece. New York: Interscience Publishers, Inc., 
1942. Price, $5.50. 

Fundamentals of Immunology. By Wittiam C. Boyp, Px.D., Associate 
Professor of Biochemistry, Boston University, School of Medicine; 
Associate Member, Evans Memorial, Massachusetts Memorial Hospitals, 
Boston. P. 446; 45 illustrations. New York: Interscience Publishers, 
Inc., 1943. Price, $5.50. 

sas Subjects. Military Surgical Manual IV. Prepared and Edited 
by the Subcommittee on Orthopedic Surgery of the Committee on Surgery 
of the Division of Medical Sciences of the National Research Council; 
Georce E. Bennerr, Chairman. Pp. 306; 79 figures. Philadelphia 
and London: W. B. Saunders Company, 1942. Price, $3.00. 

Vanual of Oxygen Therapy Techniques Including Carbon Dioxide, Helium 
and Water Vapor. By ALnert H. ANpReEws, Jr., M.D., Director, Oxy- 
gen Therapy Department and Assistant Attending Otolaryngologist, 
St. Luke’s Hospital, Chicago; Instructor in Laryngology, Rhinology and 
Otology (Broncho-esophagologist), Children’s Memorial Hospital, Chi- 
cago; Former Research Instructor, Department of Physiology and 
Pharmacology, Northwestern University Medical School. Pp. 191; 32 
figures, 16 tables. Chicago: The Year Book Publishers, Ine., 1943. 
Price, $1.75. 

The value of this book lies in the fact that it includes a fairly complete list of 
commercial apparatus with many of the directions for using. Besides this, it has 
some of tried improvisations for hospital usage. Its attitude toward me thods and 
values _ one of optimism to a degree which limits its scope as an accurate reference 
work; but its details and suggestions make the book useful in its field. Cc 

The Infectious Diseases of Domestic Animals, With Special Reference to 
Etiology, Diagnosis, and Biologie Therapy. By Wituiam ARTHUR 
HaGan, D.V.M., D.Sc., Professor of Bacteriology and Dean of the 
Faculty, New York State Veterinary College, Cornell University. Pp. 
665; 145 figures. Ithaca, N. Y.: Comstock Publishing Company, Ine., 
1943. Price, $6.00. 

Psychosomatic Medicine. By Epwarp Weiss, M.D., Professor of Clinical 
Medicine, Temple University Medical School, Philadelphia; and O. 
SpuRGEON EnGutsu, M.D., Professor of Psychiatry, Temple University 
Medical School. Pp. 687. Philadelphia and London: W. B. Saunders 
Company, 1943. Price, $8.00. 

Indigestion—-Its Diagnosis and Management. By Martin E. Rexrvss, 
M.D., Professor of Clinical Medicine; and SurHERLAND M. Prevost, 
Lecturer in Therapeutics, Jefferson Medical College, Philadelphia. 
Pp. 556; 63 illustrations. Philadelphia and London: W. B. Saunders 
Company, 1943. Price, $7.00. 

Food-Allergy. By Arruur F. Coca, M.D., Medical Director, Lederle 
Laboratories. Pp. 158; several tables. Springfield, Ill.: Charles C 
Thomas, 1943. Price, $3.00. 

Atlas of Ovarian Tumors. By Gemma Barzital, M.D., New York City; 
Preface by Frep W. Srewart, M.D., Pathologist, Memorial Hospital 
for the Treatment of Cancer and Allied Diseases, New York City. 
Pp. 264; 258 illustrations. New York: Grune & Stratton, 1943. Price. 
$10.00. 


43S BOOK REVIEWS AND NOTICES 


Lymph Node Metastases. By GRANTLEY WaLDER A.B., M.D., 
F.A.C.S., Instructor in Surgery, Harvard Medical School; Associate 
Visiting Surgeon, Massachusetts General Hospital; Surgeon, Collis P. 
Huntington Memorial Hospital and Pondville Hospital, Massachusetts 
Dept. of Public Health; and Ira THropore Natuanson, M.S., M.D., 
Instructor in Surgery, Harvard Medical School; Assistant Surgeon, 
Collis P. Huntington Memorial Hospital; Beth Israel Hospital, and 
Pondville Hospital, Massachusetts Dept. of Public Health; Assistant in 
Surgery, Massachusetts General Hospital. With a Foreword by SHreLps 
WarREN, M.D., Assistant Professor of Pathology, Harvard Medical 
School, Boston. Pp. 498; 117 tables, 61 figures. New York: Oxford 
University Press, 1942. Price, $8.00. 


NEW EDITIONS 


Outline of Psychiatric Case-Study. By Paut Witu1AmM Prev, M.D., Assist- 
ant Professor of Psychiatry and Mental Hygiene in the Yale University 
School of Medicine, Physician-in-Charge of the Psychiatrie Clinic of the 
New Haven Hospital; Associate Psychiatrist to the New Haven Hospital. 
With Foreword by Eaven Kann, M.D. Second Edition. Pp. 279. 
New York: Paul B. Hoeber, Inc., 1943. Price, $2.75. 

The Anatomy of the Nervous System. By StepHEN WALTER Ranson, M.D., 
Pu.D., Formerly Professor of Neurology and Director of Neurological 
Institute, Northwestern University Medical School, Chicago. Seventh 
Edition. Pp. 520; 408 illustrations, some in color. Philadelphia and 
London: W. B. Saunders Company, 1943. Price, $6.50. 

This edition has extensive revisions in the sections on the cerebellum, thalamus, 
hypothalamus, cerebral cortex and sympathetic nervous system. There are 
many new illustrations. The new parts on respiration and blood pressure (includ- 
ing the carotid body and carotid sinus), on the function and lesions of the hypo- 
thalamus, and on the optic pathways, are welcome additions. Some of the old 
material has been rearranged and simplified. Dr. Ranson, after completing this 
revision, has selected Dr. Sam L. Clark, a former student, as his successor for 
future editions. M. H. 

Textbook of Biochemistry. By Brensamin Harrow, Px.D., Professor of 
Chemistry, City College, College of the City of New York. Third 
Edition. Pp. 537; 118 illustrations. Philadelphia and London: W. B. 
Saunders Company, 1943. Price, $4.00. 

The 3d edition of this well-known text in biochemistry is, like the former edi- 
tions, rather concise with a minimum of the pro and con discussion of debatable 
subjects. It has been brought up to date in many respects, and in spite of the 
condensed manner in which it is written, the present edition contains about 
100 pages more than the preceding edition. There are some omissions (e. g., mul- 
tiple alternate oxidation of fatty acid is not mentioned), which in the opinion of 
the Reviewer might well have been included even at the risk of making the book 
a little longer. 

A Textbook of Clinical Neurology. By S. Wecusuer, M.D., Clinical 
Professor of Neurology, Columbia University, New York; Neurologist, 
The Mount Sinai Hospital; Consulting Neurologist, The Montefiore and 

tockland State Hospitals, New York.- Fifth edition. Pp. 840; 162 illus- 
trations. Philadelphia & London: W. B. Saunders Company, 1943. 
Price, $7.50. 

The 5th edition of this well-established textbook on clinical neurology maintains 
the high standard of all of the previous editions. The additions have been care- 
fully evaluated and presented in a concise manner. The brief references to electro- 
encephalography and arteriography are adequate in their epitomized form. The 
sections on treatment become increasingly valuable with each new edition. Any 
review of this text, without again commending the author for the final chapter on 
the introduction to the history of neurology, would not be complete 
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PATHOLOGIC LESIONS FOLLOWING THE ADMINISTRATION OF 
SULFONAMIDE DRUGS 


Tue dramatic clinical results that followed the introduction of the 
sulfonamide drugs, their ease of oral administration and their relatively 
low toxicity, soon led to widespread use of these chemotherapeutic 
agents. However, as reports of clinical studies multiplied there appeared 
in the literature numerous instances of toxic reactions referable to these 
drugs. Most of these toxic manifestations were of a mild and relatively 
transitory nature and quickly subsided when administration of the drug 
was discontinued, but occasionally they were followed by death. The 
great majority of the early reports of the toxic effects of the sulfon- 
amides were of a clinical character and rarely described pathologic 
lesions. With the more recent introduction of the newer sulfonamide 
compounds, toxicity studies on animals have been carried out, fatal 
clinical cases with autopsies have been reported and there has accumu- 
lated in the literature sufficient evidence to support the view that sig- 
nificant and recognizable pathologic lesions may follow the use of 
these drugs. 

It is the object of this Review to describe those pathologic lesions, 
both in experimental animals and in man, that have been attributed to 
the various sulfonamide drugs. Whether these lesions are the result of 
individual idiosynerasy or acquired sensitivity to the sulfonamides is 
beyond the scope of this paper. It is, however, obvious that toxic 
clinical manifestations, pathologic lesions and even deaths may occur 
following dosages of the drugs that are regarded as being within thera- 
peutic limits. The various organs in which lesions have been described 
will be dealt with seriatim and the particular sulfonamide compound 
concerned in each instance will be mentioned in its appropriate place. 

Ileart. French® has produced a form of interstitial myocarditis in 
rats and mice by intraperitoneal injections of neoprontosil, sulfanila- 
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mide, sodium sulfapyridine or sodium sulfathiazole. ‘This myocarditis 
is characterized by accumulations of mononuclear cells together with 
moderate numbers of eosinophils. Nelson® mentioned | hen in a series 
of experimental animals that showed an interstitial myocarditis follow- 
ing sulfanilamide treatment. 

French and Weller! examined the hearts of 283 patients known to 
have received one or more of the sulfonamide drugs before death. 
After excluding cases in which only very small doses had been given 
shortly before death, cases in which myocardial changes were so slight 
as to be negligible and cases of disease with which interstitial myo- 
carditis is known to be associated, these investigators were left with a 
group of 126 cases (44.5% of the original 283) in which significant 
interstitial myocarditis was present. The myocardial lesions were para- 
vascular and interstitial in position and occurred in both auricles and 
ventricles and occasionally in the epicardium. The exudate consisted 
of large mononuclear cells, numerous cells with eosinophilic cytoplasm 
and many young neutrophils. Occasional foci of Zenker’s hyaline 
necrosis were noted in the muscle fibers but no abscesses were present. 
A control series of cases failed to show such eosinophilic myocarditis. 
It is interesting to note that no examples of myocarditis were found 
among cases in which the use of the drugs had been discontinued more 
than 30 days prior to death. French and Weller™ also mentioned that 
eosinophilic infiltrations were seen in the lungs, liver, kidneys, bone- 
marrow, spleen and lymph nodes of both human cases and experimental 
animals. 

Rich’™ has recently reported 3 cases in which sulfonamide drugs and 
type specific sera for pneumonia and meningitis, respectively, were ad- 
ministered. In each of these cases an interstitial myocarditis with mono- 
nuclear cells, neutrophils and eosinophils was present. Although Clark 
and Kaplan* have noted a similar type of myocarditis in serum sickness 
in the absence of the sulfonamides, and Apitz* has produced like lesions 
in sensitized animals with foreign proteins, the possibility that hyper- 
sensitivity to the sulfonamides is the cause of the myocarditis cannot 
be dismissed. Schonholzer* and Davis’ have demonstrated that sul- 
fonamides can attach themselves to plasma proteins and thus, perhaps, 
may act as specific antigens. Wedum*® has succeeded in sensitizing 
guinea-pigs with sulfapyridine linked to human serum. Rich‘ sug- 
gested that the eosinophilic myocarditis observed by French and 
Weller,** and in 1 of his own cases’ in which sulfathiazole alone was 
given, may have been the result of hypersensitivity to the sulfonamides. 
Duff'® has observed a case in which death from periarteritis nodosa 
followed a second course of treatment with sulfathiazole after a 30-day 
interval and in which at autopsy there was found a widespread eosino- 
philic interstitial myocarditis. 

Lederer and Rosenblatt,®° in their series of 4 cases of death due to 
sulfathiazole, reported 1 in which the left atrium of the heart showed 
several irregular areas of poorly preserved muscle fibers surrounded by 
partially broken-down neutrophils, small and large round cells and 
eosinophils. In other areas the myocardial fibers were swollen and 
the nuclei pyknotic or absent. Simon* also noted focal necrosis in the 
epicardium and a mild interstitial myocarditis in a patient who died 
after sulfathiazole therapy. 
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Blood-vessels. Lehr and Antopol®! reported that white mice given a 
single fatal intraperitoneal injection of sodium sulfadiazine and surviv- 
ing 5 to 7 days showed a pronounced sclerosis of the arterial tree, espe- 
cially the thoracic aorta. The inner surface of the aorta was white and 
wrinkled. Histologically, there was calcification and necrosis of the 
media. Antopol, Lehr, Churg and Sprinz? also noted pronounced calci- 
fication of the media of the arterial tree, especially in the aorta, follow- 
ing a single and repeated intraperitoneal injections of the sodium salts 
of sulfapyridine, sulfathiazole or sulfamethylthiazole in rats. 

Rich’ has recently reported a series of 5 cases in which vascular 
lesions histologically indistinguishable from periarteritis nodosa were 
found in various organs and tissues of patients who had suffered from 
serum sickness following specific serum therapy and the administration 
of different sulfonamide compounds. In 2 additional cases’*’ similar 
vascular lesions were found at autopsy following treatment with sulfa- 
thiazole alone. Duff'® has also recently observed a case of slightly 
iitypical periarteritis nodosa involving the lungs, liver, spleen and 
kidneys in a previously healthy man who was admitted to hospital with 
a fracture of the tibia and fibula and who had received two courses of 
sulfathiazole therapy during his stay in hospital, the second course 
continuing up to the day of death. Rich**® offered his observations 
as evidence in support of the idea that periarteritis nodosa may be a 
manifestation of hypersensitivity. He concluded that sensitization to 
the sulfonamides does occur and that under such circumstances vascular 
lesions as described above may be caused by the administration of 
sulfonamides. 

Lungs. Merkel and Crawford® reported 4 cases in which death had 
occurred after sulfathiazole therapy. At autopsy there was found in 
all lobes of the lungs small, gray foci of necrosis, pinhead to miliary in 
size. Microscopically, these foci of necrosis were surrounded by vari- 
able numbers of neutrophils. None of the foci of necrosis showed any 
reactive fibrosis and bacterial stains revealed no tubercle bacilli or other 
organisms. Lederer and Rosenblatt®® described 4 patients who died 
after sulfathiazole therapy; in 1 of these, confluent areas of focal 
necrosis in the lungs were found at autopsy. These areas were made up 
of a central core of amorphous material in which there could be demon- 
strated fibrin and nuclear fragments. The necroses were surrounded 
by varying but small numbers of neutrophils and some small and large 
mononuclears. Stains for bacteria were negative. In 1 otherof their 
t cases they found foci of necrosis in the trachea. 

Liver. Although Domagk" did not describe any pathologic changes in 
the livers of his experimental animals given Prontosil Insoluble, clinical 
experience soon showed that jaundice was one of the toxic manifestations 
of the sulfonamides. The changes produced experimentally in the liver 
have been variable in degree and type. Thus, Molitor and Robinson®™ 
in chronic toxicity experiments with sulfanilamide in rats stated that 
“except for some degenerative changes, the findings in the liver were 
not significant.”” Davis, Harris and Schmeisser" injected sulfanilamide 
into the abdominal wall of white rats for 3 months and found only 
coarse granularity of the liver cells. In the experiments of Machella 
and Higgins®’* foci of necrosis were observed in the livers of 30% of 
rats given varying doses of sulfanilamide for varying periods of time. 
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Similar lesions, however, were seen in 25% of the control animals. 
The livers of monkeys given sulfapyridine by mouth were described 
by Antopol and Robinson® as showing separation of the capillaries from 
the liver cell cords with granular material in the intervening spaces. 
They regarded these changes as being similar to the “serous hepatitis” 
of Réssle-Eppinger. Feinstone ef al.?° in.a series of chronic toxicity 
experiments with sulfapyridine in monkeys, noted vacuolation of the 
liver cells and pigment in Kupffer cells but no necrosis. Rake, Van Dyke 
and Corwin“ fed mice on a diet containing 2% sulfapyridine and found 
focal necrosis in the liver. Mice on similar diets containing 1 % and 2% 
sulfathiazole showed similar lesions as well as cloudy swelling, fat infil- 
tration and hyaline necrosis. Rats and monkeys, on the other hand, 
showed no liver lesions when fed on diets containing 0.46% to 1% 
sulfathiazole or sulfapyridine. Antopol, Lehr, Churg and Sprinz? noted 
that after single and repeated intraperitoneal injections of sulfathiazole, 
sodium sulfathiazole or sulfamethylthiazole in rats, severe degenerative 
changes appeared in the livers. Usually these liver changes occurred 
in association with concrements in the kidneys. Nelson® gave fatal 
doses of sulfanilamide to 21 hens, among which 17 showed a diffuse fatty 
change in the liver in contrast to control animals in which such altera- 
tions were absent. In most of the experimental animals the Kupffer 
cells contained abnormal amounts of hemosiderin pigment. One hen 
showed coagulation necrosis of the liver. 

The liver lesions observed in human beings following deaths from the 
sulfonamides are also somewhat variable in type but for the most part 
are characterized by extensive focal necrosis. Cline!’ reported the case 
of an 18 year old youth who died following treatment with sulfanilamide 
for gonorrhea. At autopsy the liver was found to be reduced in size, 
weighing 1200 gm. Microscopically, there was dissociation of the liver 
cell cords and massive destruction of liver cells. The remaining liver 
cells showed a “fatty change.”” No inflammatory exudate was present 
and the picture resembled acute yellow atrophy. Russel reported a 
patient who took 1250 gr. (80 gm.) of sulfanilamide over a 6-week 
period. Ten days later the patient became jaundiced. At autopsy the 
liver was found to be markedly reduced in size, weighing 600 gm. The 
capsule was wrinkled and the organ was flabby. Microscopically, there 
was extensive necrosis of the liver cells. 

Ginzler and Chesner* reported a case of acute yellow atrophy of the 
liver associated with necrosis in other organs in a newborn infant 
following administration of sulfanilamide to the mother. These authors 
suggested that sulfonamides may produce toxic effects in the fetus by 
passage through the placenta. Focal necrosis with degenerative changes 
in liver cells was described by Tragerman and Goto® in a patient with 
gonorrhea dying after sulfanilamide treatment. Berger and Apple- 
baum? cited a case in which the patient took 6.6 gm. of sulfanilamide 
over a 3-day period. Two weeks later he took an additional 20 gm. 
within a period of 10 days and died 1 month later with progressive 
jaundice. At autopsy, the liver was small, firm and finely granular. 
Microscopically, the liver cells showed degenerative changes and foci 
of necrosis were encountered. In a general review on the sulfonamides, 
Greene and Hotz?’ mentioned a case in which jaundice suddenly ap- 
peared during treatment with sulfanilamide for hemolytic streptococcic 
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septicemia. At autopsy, areas of portal focal degeneration with leuko- 
cytic infiltration were found in the liver. 

Liver lesions in fatal cases of hemolytic anemia following ingestion 
of sulfapyridine have been noted. Ravid and Chesner® reported a case 
of fatal hemolytic anemia following the ingestion of 8 gm. of sulfapyri- 
dine. At autopsy the liver showed patchy cytoplasmic vacuolation 
with a tendency toward central localization and the Kupffer cells were 
found to be loaded with hemosiderin. In an investigation of the acute 
hemolytic anemias caused by the sulfonamides, Fox and Ottenbe rg 
described 1 fatal case treated with sulfapyridine in which foci of necrosis 
were found in the liver at autopsy. 

The most extensive and widespread focal necrosis of the liver has 
been reported in deaths following sulfathiazole therapy. Lederer and 
Rosenblatt®’ in their series of 4 cases, Merkel and Crawford® in an 
additional 4 cases and Simon® in his single case, observed identical, 
widespread, extensive focal necrosis of the liver of coagulation type. 
These foci of necrosis were found in all portions of the hepatic lobules 
and were occasionally surrounded by a sparse infiltration of neutrophils. 
Stains for bacteria in all instances were negative. 

Bone-marrow and Blood. The hemolytic anemias encountered during 
sulfonamide therapy fortunately improve after discontinuance of the 
drug. It appears that the hemolysis is probably peripheral, but certain 
changes have been described in the bone-marrow as well as in the red 
blood cells themselves. Hageman* reported an increase in the eosino- 
phils in the bone-marrow of mice injected with sulfanilamide. Kreutz- 
man and Carr*® also reported an increase of the eosinophils in the mar- 
row of rabbits given Prontosil. This they regarded as evidence of early 
bone-marrow depression. Similar eosinophilic infiltrations of bone- 
marrow were observed by French and Weller™ in their human material 
after sulfonamide therapy. Richardson,’* on the contrary, found no 
eosinophilia or other changes in the bone-marrow of mice made anemic 
with sulfanilamide; and Osgood,’ working on marrow cultures infected 
with streptococci, stated that sulfanilamide did not appear to have a 
direct toxic action on the nucleated cells. Machella and Higgins®”« 
and Higgins and Machella*® produced anemia in rats with sulfanilamide. 
They found that the bone-marrow showed a reticulocytosis, macrocyto- 
sis and anisocytosis and that there was a slight increase in the transverse 
diameter of the red blood cells. They noted that the myeloid stimula- 
tion after 4 days of sulfanilamide was greater than the erythroid, but 
after 6 -. (when the anemia was marked) the erythroid stimulation 
was greater than the myeloid. This reversal of activity is probably a 
response to increased blood destruction. 

Paul and Limarzi® found, in human beings receiving therapeutic doses 
of sulfanilamide, that the sternal bone-marrow showed a normoblastic 
reaction. Koletsky* reported a fatal case of hemolytic anemia in which, 
at autopsy, erythropoietic hyperplasia of the bone-marrow was noted. 
Ravid and Chesner® have also reported moderate hyperplasia of the 
erythropoietic elements in the bone-marrow in a fatal case of hemolytic 
anemia following 8 gm. of sulfapyridine. 

Actual pathologic lesions within the red blood cells have been reported 
by Moeschlin.” He described so-called “inner bodies,” which were 
found at the margins of the red blood cells at the height of the clinical 
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cyanosis. These bodies can only be stained supravitally with brilliant 
cresyl blue. They are found in the reticulocytes of the bone-marrow 
in small numbers but only after they have appeared in the peripheral 
blood and only after a mild degree of anemia has been produced. 
Richardson,** studying anemia in mice produced by sulfanilamide, ’ 
noticed the presence of the so-called “ Heinz bodies” in the red blood 
cells. Similar bodies have been described by Ehrlich and Lazarus'® in 
a variety of anemias produced by agents that also cause formation of 
abnormal pigments. 

The pathologic lesion associated with agranulocytosis produced by 
the sulfonamides is fairly well established and consists primarily of an 
arrest of maturation of the cells of the granular series in the bone- 
marrow with destruction of the more adult forms. Experimentally, 
this was noted in 1 rat by Davis, Harris and Schmeisser™ following 
sulfanilamide injections. The bone-marrow showed an arrest of matura- 
tion of the myeloid cells with complete absence of granulocytes. 

Clinical cases of fatal agranulocytosis following sulfonamide therapy 
have shown changes in the bone-marrow varying from aplasia to mild 
depression of the granular series. Young'®' reported a case of agranulo- 
cytosis following sulfanilamide in which the bone-marrow was aplastic 
and contained no granulocytes. Schwartz, Garvin and Koletsky** in 
their case of agranulocytosis following sulfanilamide, stated that the 
distinctive feature of the bone-marrow was the complete absence of 
granulocytes and even of myelocytes with reversion of the myeloid 
series to a stem cell type. Garvin,” Schecket and Price, Pearson,” 
Rinkoff and Spring.’”? Tragerman and Goto,® and Robb* reported 
essentially the same findings in the bone-marrow in their fatal cases of 
agranulocytosis following sulfanilamide. Kennedy and Finland® re- 
ported a fatal case of agranulocytosis following both sulfapyridine and 
sulfathiazole therapy. The autopsy findings in the bone-marrow were 
similar to those described above. 

Greenwald, Litwins and Spielholz® reported an interesting case of 
polycythemia vera in which anemia and leukopenia followed sulfanil- 
amide therapy. At the height of the white cell depression a sternal 
biopsy showed a complete arrest of maturation at the metamyelocyte 
level. Six months later, after recovery, another sternal puncture 
revealed a return to active formation of mature white blood cells. 
That sulfanilamide may have a direct toxic effect on white blood cells 
has been demonstrated by Coman" who, in his experiments on chemo- 
tropism, showed that leukocytes lose their ameboid motions in dilute 
solutions of sulfanilamide. 

Lederer and Rosenblatt®® and Merkel and Crawford® found foci of 
necrosis in the bone-marrow in 5 of their 8 cases (4 each) of death 
following sulfathiazole therapy. This was part of a general necrotizing 
process seen in other organs. They did not notice any arrest of matura- 
tion of the granular series. 

Spleen. The majority of reports dealing with splenic lesions concern 
observations on animals during the course of toxicity experiments. 
The splenic changes in animals are of a mild and variable nature and 
apparently not all species react alike, even to similar doses of the same 
drug. It also appears that many of the changes seen in the spleens of 
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experimental animals are secondary to the anemias produced during 
the experiments. 

Hageman,” injecting Swiss mice with sulfanilamide, found that the 
spleens of these animals showed varying amounts of hemosiderin adja- 
cent to the Malpighian bodies. Similar results were obtained by 
Antopol and Robinson*® in rats, rabbits and monkeys with sulfapyri- 
dine. Wien!'®® noted that rats given sulfanilamide showed dilatation of 
the sinusoids and hemosiderin deposits which he interpreted as indica- 
tive of an exaggeration of the hemolytic process accompanying the 
anemia. ‘The spleens of the rats given sulfapyridine showed no abnor- 
malities. Richardson’* also found that in anemias in mice produced 
by sulfanilamide, the spleens were enlarged and showed an increase in 
iron pigment. Molitor and Robinson®™ in chronic toxicity experiments 
with sulfanilamide carried out on rats, rabbits and dogs found, in rats 
only, enlargement of the spleens which were engorged with blood and 
contained both iron- and non-iron-bearing pigments. 

Rake, Van Dyke and Corwin,” and Rake, Van Dyke, Corwin, McKee 
and Greep® noted that mice fed on diets containing 0.5% to 1% sulfa- 
pyridine showed no lesions in their spleens, whereas mice fed on 1% 
sulfathiazole showed dark red, small spleens in which the Malpighian 
bodies were small, appeared disorganized and contained pyknotie cells. 
The spleens of mice on a 2% sulfathiazole diet showed disorganization 
of germinal centers and pyknosis of the lymphoblastic cells with their 
ultimate disappearance. No splenic lesions were noted in rats or 
monkeys given either sulfapyridine or sulfathiazole. Davis, Harris and 
Schmeisser™ injected white rats with sulfanilamide over a 3-month 
period. The spleens of their animals revealed hyperplasia of the 
reticular cells. In several animals focal areas of necrosis were seen in 
the Malpighian bodies. The spleens also showed increased iron-con- 
taining pigment. Corwin® 3 in his chronic toxicity experiments with sul- 
faguanidine in rabbits noted a reduction in the size of the spleen with 
atrophy of the Malpighian bodies and pulp. Similar lesions could not 
be found in the spleens of dogs or monkeys treated with sulfaguanidine. 
Climenko and Wright® produced with sulfathiazole and sulfapyridine a 
“toxic splenitis with slight erythrophagocytosis”’ in monkeys. 

In man, both Lederer and Rosenblatt®® and Merkel and Crawford® 
reported extensive focal necrosis in the spleens of patients dying after 
sulfathiazole therapy. While the majority of the foci were in or near 
the peripheral parts of the Malpighian bodies, occasional foci of necrosis 
were seen in other parts of the spleen. Simon* also reported occasional 
foci of necrosis in the spleen in his case of death following sulfathiazole 
therapy. Lederer and Rosenblatt® also described an associated hyper- 
plastic change in the reticulum. 

Lymph Nodes. As part of the general necrotizing process observed 
in their 4 cases of death following sulfathiazole, Merkel and Crawford® 
found in all instances enlarged, boggy lymph nodes at autopsy. Lederer 
and Rosenblatt®® found only 1 case (in their series of 4) in which the 
lymph nodes showed similar lesions. These lesions consisted of foci of 
coagulation necrosis without infiltration by neutrophils. No bacteria 
were present. Only Molitor and Robinson® have reported changes in 
the lymph nodes of experimental animals; these lesions do not appear 
to have been very marked or specific. 
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Adrenals. Antopol and Robinson* noted enlargement of the adrenal 
glands in rats with widening of the fascicular laver when these animals 
were treated with sulfapyridine. In their experiments with sulfa- 
thiazole, sulfamethylthiazole and sodium sulfathiazole, Antopol, Lehr, 
Churg and Sprinz® again noted enlargement of the adrenal glands and 
in these experiments observed that the zona fasciculata took a deep 
eosinophilic stain and that occasional foci of necrosis were present in 
the medulla. In contrast to these experimental findings, Merkel and 
Crawford,” Lederer and Rosenblatt®® and Simon®? found foci of necrosis 
in the cortex without medullary lesions in their cases of death following 
sulfathiazole therapy. 

Kidneys. As early as 1937, Oakley® observed concretions in the 
renal tubules of mice following single or repeated small doses of Pronto- 
sil. He noted that the kidneys were enlarged and that the straight 
and convoluted tubules were dilated. He believed that death was due to 
renal obstruction. In 1938 Kolmer, Brown and Rule*® gave sulfanil- 
amide to rabbits and noted only mild cloudy swelling of the renal epithe- 
lium which they did not regard as significant. These investigators 
reported no concrements in the kidney tubules. Davis, Harris and 
Schmeisser™ also observed no concrements in the renal tubules of rats 
injected with sulfanilamide but mentioned cloudy swelling and mild 
increase of fat in the tubular epithelium. Molitor and Robinson® in 
their chronic toxicity experiments in rats with sulfanilamide observed 
collections of brown, granular pigment in the convoluted tubules of 
the kidneys. Only a small amount of this pigment stained positively 
for iron. Nelson® gave fatal doses of sulfanilamide and_ sulfanily| 
sulfanilamide to rabbits and observed epithelial degeneration, casts and 
débris in the renal tubules with dilatation of the tubules. In hens 
treated with sulfanilamide, he noted considerable fatty changes in the 
epithelium of the kidney tubules. 

In 1939, however, with the introduction of sulfapyridine, Antopol 
and Robinson,* using rats, rabbits and monkeys, and Gross, Cooper 
and Lewis,*! using rats, reported independently and simultaneously the 
formation of uroliths in their experimental animals in the course of 
toxicity studies on sulfapyridine. These investigators noted that the 
kidneys were enlarged and dilated and that pelves and ureters were also 
dilated. They found yellow or white, spiculated concretions in calyces, 
pelves, ureters and bladder and believed that the pyelonephritis, pye- 
litis, ureteritis, hydronephrosis and hydroureters observed were secon- 
dary to the uroliths. These uroliths were found to be composed of rela- 
tively insoluble acetyl derivatives of sulfapyridine. Marshall and 
Litchfield®* showed that when the sodium salt of acetyl sulfapyridine 
is injected intravenously into animals, concrements form in the renal 
tubules. Toomey“ working with monkeys noted the appearance of 
uroliths following sulfapyridine and thus corroborated the findings 
mentioned above. Antopol and Robinson® repeated their work on rats, 
rabbits and monkeys with sulfapyridine and found uroliths and asso- 
ciated changes. Toomey, Reichle and Takacs® gave monkeys doses of 
sulfapyridine slightly less than that recommended for infants of compar- 
able weight and found concrements in the renal tubules, pelves, ureters 
and bladder with resulting inflammation and slight necrosis. Although 
this inflammation was thought to be due to obstruction of renal outflow 
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by crystals with subsequent infection, these authors felt that an imme- 
diate toxic effect of the drug on the epithelium of the convoluted tubules 
could not be excluded. 

In testing the toxicity of sulfathiazole and sulfapyridine in monkeys, 
Van Dyke, Greep, Rake and McKee* found that only 1 monkey out 
of 7 died in uremia due to urinary obstruction following sulfathiazole 
whereas 6 out of 7 monkeys on sulfapyridine showed bilateral hydro- 
ureters and hydronephrosis. Climenko and Wright® also produced 
urolithiasis and degenerative changes in the renal epithelium of monkeys 
with sulfathiazole and sulfapyridine. While monkeys and rats show 
more extensive urolith formation with sulfapyridine than with sulfa- 
thiazole this apparently does not hold true for mice as demonstrated 
by Rake, Van Dyke and Corwin.“ Gross, Cooper and Scott, who 
coined the term “urolithiasis medicamentosa” for the uroliths caused 
by the sulfonamides, also noted that, in rats, concretions in renal tubules 
were three times as frequent with sulfathiazole as with sulfamethyl- 
thiazole whereas stones in the renal pelves, ureters and bladder were 
twice as common with sulfamethylthiazole as with sulfathiazole. 
Antopol, Lehr, Churg and Sprinz® gave single and repeated intra- 
peritoneal injections of sulfathiazole and sodium sulfathiazole to rats 
and noted that sulfathiazole produced a calcifying nephrosis of the 
collecting tubules. Similar calcific deposits were noted in the cortex. 
They also, like Gross, Cooper and Scott,® noted that concretions in the 
renal tubules were more frequent with sulfathiazole whereas extrarenal 
concretions were more common with sulfamethylthiazole. 

Other sulfonamide compounds have also been found to produce uro- 
liths in experimental animals. Feinstone ef al.2° produced uroliths in 
kidneys and bladders of monkeys with sulfadiazine. The kidneys 
showed some evidence of damage as indicated by regeneration of the 
tubular epithelium. Lehr and Antopol*! gave single fatal intraperitoneal 
injections of sodium sulfadiazine to white rats and in addition to the 
uroliths noted calcification of the distal convoluted tubules, Henle’s 
loops and collecting tubules. Animals surviving repeated injections 
showed severe histologic damage to the renal epithelium. Gross, 
Cooper and Hagan*’ reported urolithiasis medicamentosa following 
sulfadiazine in mice and pointed out that the sulfadiazine crystals are 
not sharply spiculated and, therefore, are not likel& to cause hematuria. 
Corwin" in chronic toxicity experiments with sulfaguanidine in rabbits 
found crystals in the renal tubules, pelves, ureters and bladder. Dogs 
showed only a few lesions resembling healed pyelonephritis, while no 
kidney lesions or stones were found with this drug in monkeys. 

It is interesting to note that no distinctive glomerular lesions have 
been reported in experimental animals following the sulfonamides. 
The glomerular lesions described by Gross, Cooper and Morningstar® 
are inconclusive, as these authors readily admit. 

In human beings dying from renal obstruction following the sulfon- 
amides, the search for uroliths both grossly and microscopically is often 
fruitless. Antopol!' described the findings in a patient dying with renal 
complications after sulfapyridine; he was unable to demonstrate uro- 
liths either grossly or microscopically. He stated that the findings in 
the kidneys were reminiscent of the non-specific, degenerative changes 
encountered in experimental animals following sulfapyridine therapy. 
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He suggested that the uroliths may dissolve or wash out in microscopic 
preparation. Koletsky and King reported a case of fatal renal insuffi- 
ciency following 8 gm. of sulfapyridine. At autopsy, there was found 
severe, necrotizing, suppurative and hemorrhagic ureteritis and pyelitis 
without any crystals being found grossly or microscopically. Stryker*! 
reported finding yellowish-white gravel in the calyces, pelves and 
urinary bladder of a child following sulfapyridine therapy with 
microscopic deposits in the renal tubules. Pepper and Horack” 
described crystalline deposits of sulfathiazole in the renal tubules in a 
patient dying in anuria after sulfathiazole. Sadusk, Waters and Wilson™ 
reported a case of anuria following sulfapyridine therapy in which exten- 
sive necrosis of the renal pelvic wall was noted following obstruction of 
the ureter. Katzenstein and Winternitz* pointed out that rupture of 
the renal pelvis may follow sulfapyridine therapy. Hanson*® was also 
able to demonstrate sulfapyridine crystals in the sediment which blocked 
the ureters in his case. He suggested that the renal parenchymal 
damage precedes the precipitation of the drug from solution. 

That primary parenchymal damage to renal epithelium, regardless 
of urolith formation and obstruction, probably does occur is strongly 
suggested by the findings of Lederer and Rosenblatt,®°° Merkel and 
Crawford," and Simon,*’ who, although finding only a few peculiar 
bluish-red crystals in the tubules, noted extensive focal necrosis of renal 
epithelium. This necrosis was entirely out of proportion to the dilata- 
tion seen and the number of crystals observed. Occasionally the renal 
tubules may be plugged with hemoglobin, as in a fatal case of hemolytic 
anemia following sulfapyridine as reported by Ravid and Chesner. 

Testicle. The widespread use of the sulfonamides in gonorrhea has 
raised the question whether spermatogenesis may be affected. Jaubert 
and Motz® and Marion et al. examined the semen of patients being 
treated with various sulfonamides and reported a decrease in the num- 
ber, vitality and motility of spermatozoa. This could not be confirmed 
by Heckel and Hori®® with Prontylin. Shettles*® mixed human semen, 
in vitro, with sulfanilamide or sulfapyridine in concentrations higher 
than those found in the body and observed no effect on the survival or 
activity of spermatozoa. Although Nelson® reported marked testicular 
damage with reduction in numbers of spermatozoa, necrosis of sperma- 
tids and spermatocytes in rabbits given sulfanilamide or sulfanily] 
sulfanilamide, these findings could not be confirmed by Levaditi and 
Vaisman,” Pallizolli ef al.,°° Pautrier et al.,” or Cordonnier™ in rabbits, 
guinea-pigs or mice. 

Nervous System. Clinical symptoms suggesting peripheral neuritis 
and symptoms referable to the central nervous system following sulfon- 
amide medication have been reported in the literature but pathologic 
lesions in human beings or experimental animals have been described 
but rarely. Custer et al.“ fed normal dogs 0.67 gm. of sulfanilamide 
per kg. and noted toxic reactions referable to the central nervous sys- 
tem. At autopsy, the brains appeared swollen, soft and edematous. 
Histologically, the edema was most marked along the periphery of the 
vessels. Ganglion cells showed degenerative changes varying from slight 
degrees of damage to complete cytolysis, most marked in the hippo- 
campus, basal ganglia and cerebellum. In | instance there was ischemic 
necrosis in the lenticular nucleus. In the spinal cord and in the periph- 
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eral nerves, swelling of the myelin sheaths was noted in all animals, 
partial to complete demyelination occurring in some of the motor tracts. 
The anterior horn cells showed the same degenerative changes as the 
ganglionic cells of the brain. In 1 instance the sciatic nerve showed 
patchy replacement with strands of Schwann cells. The authors 
believed that these changes were due to edema and anoxia occurring 
as a result of injury to the capillary endothelium by sulfanilamide. 

Hawking,** after large intraperitoneal injections of sulfanilamide to 
rabbits and cats, noted the development of decerebrate rigidity. At 
autopsy he found degenerative changes in the central nervous system, 
¢. g., chromatolysis in the neurones of the anterior columns of the spinal 
cord and in some of the nerve cells of the cortex and mid-brain. Fein- 
stone ef al2° observed in 2 out of 6 monkeys treated with sulfapyridine, 
swollen nerve fibers in the spinal cord with lymphocytic infiltration. 

The nervous system of chickens, in particular, appears to be sus- 
ceptible to damage by the sulfonamides. Bieter ef a/.° gave oral doses 
of sulfanilamide, sulfapyridine, sulfathiazole, sulfanilyl dimethyl-sulfan- 
ilamide or sulfaphenylthiazole to chickens. All these drugs produced 
injury to the nervous system, the degree of severity ascending in the 
order given above. Sulfanilamide, the least toxic, produced condensa- 
tion of the myelin of the peripheral nerves and mild swelling of the axons 
while the other drugs produced damage to the brain, spinal cord and 
peripheral nerves. In the latter the changes varied from condensation 
of the myelin to the formation of truncated cones, vacuolation and frag- 
mentation of both myelin and axons. The spinal cord showed extensive 
damage with demyelination, vacuolation and shrinkage and pyknosis 
of nerve cells. The brains showed pyknosis and fragmentation of nerve 
cells, glial nodules and proliferation of the endothelium of the cerebral 
vessels which in some instances progressed to complete occlusion. Nel- 
son” produced milder but essentially similar lesions in the sciatic nerves 
of hens by giving fatal doses of sulfanilamide. Rabbits showed similar 
lesions, though less frequently, following fatal doses of sulfanilamide 
and sulfanilyl sulfanilamide. 

Reports of neuropathologic lesions attributed to the sulfonamides in 
human beings have been few. Fisher and Gilmour”! reported 2 cases of 
“encephalomyelitis”’ following the use of sulfanilamide. In 1 of these 
cases, in which an autopsy was performed, the pathologic lesions con- 
sisted of softening of the cord substance and various vascular lesions 
with hemorrhage and thrombosis in the small arteries and veins. The 
softening was accompanied by ballooning of the myelin sheaths and 
proliferation of the microglial cells. The authors admitted that this 
softening may have been due to vascular occlusion but believed the 
vascular occlusion was due to the toxic action of the sulfanilamide. 
Santo” reported a case of extensive demyelination, focal necrosis, 
gliosis and vacuolation of the spinal cord in a young man who had 
received 60 gm. of uliron (dimethyl derivative of sulfanilyl sulfanil- 
amide). Roseman and Aring* described the case of a young negro who 
had received sulfamethylthiazole. At autopsy there was found a 
hemorrhagic encephalopathy confined to the gray matter of the cerebral 
cortex and basal ganglia. The lesions consisted of perivascular hemor- 
rhages and focal areas of necrosis and each occurred about a central 
apillary or precapillary vessel with either hyperplastic or necrotic 
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endothelium. In some of the vessels, thrombi were present. The 
neuronal damage was believed to be secondary to the vascular changes; 
the “indications are that the precipitating factor of the sulfamethyl- 
thiazole encephalopathy may be a toxic reaction on the vascular bed of 
the central nervous system.” 

The findings of Custer et a/.,"4 Fisher and Gilmour*! and Roseman and 
Aring*! all point to a toxic action of the sulfonamides upon the endothe- 
lium of the smaller vessels of the brain; the secondary changes in nerve 
tissue probably result from the edema and anoxia thus produced. 

The local application of soluseptasine, solid sulfapyridine or solid 
sulfanilamide to the brains of rabbits does not, according to Russel and 
Falconer,® produce any damage to the brain tissue. They mentioned, 
however, that excess of these substances, due to low solubility, excites 
a foreign body reaction. Essentially similar observations were made 
by Hurteau*' who used sulfanilamide, sulfathiazole, sulfadiazine and 
sulfapyridine in cats. These findings are at variance with those of 
Pilcher, Angelucci and Meacham® who implanted sulfanilamide, sulfa- 
thiazole and sulfadiazine on the brain surface of normal dogs, all of 
which developed typical attacks of Jacksonian epilepsy. None of the 
control animals with like quantities of kaolin implanted on the brain 
developed epilepsy. Watt and Alexander®* reported convulsions in 
cats when sulfathiazole was implanted intradurally but not with sulfan- 
ilamide, sulfapyridine, sulfadiazine or sulfacetamide. These authors 
also reported convulsions in 5 patients in whom sulfathiazole had been 
placed in craniocerebral wounds. 

Skin. Skin rashes of various types following sulfonamide medication 
are well known but remarkably few histologic studies of these lesions 
have been made. Tedder® made a microscopic study of the skin in 
6 cases of sulfanilamide rash. The histologic pictures of the different 
types of eruption presented various stages of inflammation and could 
not be differentiated from sensitization dermatitis. An interesting 
picture was presented by a dermatitis precipitated by exposure to sun- 
light following sulfanilamide therapy. The pathologic changes were 
similar to those of arsenical dermatitis or acute lupus erythematosus. 
Loveman and Simon*®*® noticed skin eruptions suggesting erythema 
nodosum following treatment with sulfanilamide. These lesions disap- 
peared after a few days but could be made to reappear by giving the 
patient further sulfanilamide. A biopsy taken from one of these lesions 
showed a histologic picture that was indistinguishable objectively from 
that of erythema nodosum. A few Gram-negative diphtheroids were 
present but these were not regarded as the etiologic agents. 

Wounds and Serous Cavities. The present practice of combating 
infections in wounds and serous cavities by sprinkling them with the 
various sulfonamide powders raises the question of possible deleterious 
effects of the powders themselves. The work on this problem has been 
largely experimental. 

Mellon and McKinney® studied the effects of sulfonamide compounds 
on the fibroblasts of chick embryo heart tissue cultures. These authors 
found that sulfanilamide induced an early inhibition of growth of the 
fibroblasts which were converted to macrophage type. The tissue, 
therefore, became syncytial instead of radiating uniformly from the 
explant. Glynn*’ made standard cutaneous incisions in rabbits, placed 
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powdered sulfanilamide, sulfathiazole or sulfapyridine in the wounds 
and observed them, 5, 7 and 14 days later. He noted a slight but barely 
significant inhibition of fibroblast proliferation by sulfathiazole and 
sulfapyridine but not by sulfanilamide. He found that sulfanilamide 
and to a lesser extent sulfapyridine had a slight but definite necrotizing 
action on muscle. This toxic effect on muscle has also been observed by 
Nelson. Glynn,’ however, did not believe that the slight inhibition 
of fibroblastic proliferation or toxic reaction are contraindications to 
the use of these drugs in wounds. 

Bricker and Graham’ attempted to show by measurements of tensile 
strength of wounds that sulfanilamide given by mouth inhibits the 
healing of wounds in dogs. The observations of Mueller and Thomp- 
son, Jackson and Coller® and Harbison and Key* on the healing of 
wounds dusted with sulfanilamide powder indicated that no interference 
with healing or tensile strength of wounds occurs. Mueller and Thomp- 
son®' found that infected wounds sprinkled with sulfanilamide powder 
healed with greater rapidity than did similar wounds not treated with 
the drug. 

In serous cavities, the various sulfonamides act as mild irritants and 
may elicit a foreign body reaction. Hageman*® injected mice intra- 
peritoneally with sulfanilamide and noted a foreign body reaction. 
Throckmorton® placed powdered sulfanilamide, sulfathiazole, sulfa- 
pyridine, sulfadiazine, sulfamethyldiazine or sulfanilylguanidine into 
the peritoneal cavities of rats after surgical laparotomy and studied 
the cellular responses and local conditions. The cellular responses 
elicited by the sulfonamide compounds were, qualititatively, those of 
non-specific irritation. Their quantitative differences seemed to be 
related to factors of solubility and irritation. The most irritating was 
sulfapyridine. When clumps of the various drugs were rapidly walled 
off by viscera and omentum, such clumps were found surrounded by 
foreign body giant cells 14 days later. Organizing adhesions were fre- 
quent but only 1 case of partial intestinal obstruction was noted. 
Marked peritoneal irritation with the presence of blood-tinged fluid in 
the abdominal cavity was noted by Lehr, Antopol, Churg and Sprinz** 
following injections of sulfapyridine or sulfamethylthiazole into the 
abdominal cavities of rats. Sulfathiazole caused less irritation though 
large amounts of clear fluid were usually found in both pleural and 
peritoneal cavities. 

Tumor Formation. Haerem* injected 20 Swiss mice with sulfanil- 
amide subcutaneously. Two mice developed a spindle cell sarcoma at 
the site of injection. This finding could not be substantiated by 
Zamecnik and Koletsky'” who gave repeated subcutaneous injections 
of sulfanilamide and of Prontosil suspended in oil, for 1 year. Lewis 
injected sulfanilamide in olive oil subcutaneously in mice and failed to 
produce tumors. Moreover, he found that sulfanilamide injections did 
not cause mice to become refractory to implanted tumors nor did sulfan- 
ilamide injections cause regression of established tumors. 

Summary. In this Review an attempt has been made to indicate 
and describe the various pathologic lesions that have been attributed 
to the sulfonamide drugs both in experimental animals and in man. 
In the heart, the lesions take the form of an interstitial myocarditis 
with occasional foci of necrosis. Blood-vessels, in man, may show 
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inflammatory lesions indistinguishable from those of periarteritis nodosa 
in the viscera; in the brain there appears to be injury to the vascular 
endothelium with associated secondary parenchymal damage. The 
liver lesions are characterized by widespread focal necrosis and, as part 
of a general necrotizing process, focal necroses may be found in the 
lungs, lymph nodes, spleen and adrenal glands. The kidneys and 
urinary tract may be damaged by urolith formation with obstruction 
and subsequent inflammation. In association with agranulocytosis, the 
bone-marrow shows an arrest of maturation of the granular series with 
destruction of the more adult forms; in cases of hemolytic anemia there 
is erythropoietic stimulation. The skin changes are of a non-specific 
inflammatory nature. The sulfonamides act as mild irritants and for- 
eign bodies when placed in serous cavities. There is no valid evidence 
to indicate that the sulfonamides are capable of producing tumors. 
Inasmuch as the lesions that have been attributed to the sulfonamides 
in human beings have, for the most part, been reproduced in healthy 
experimental animals, it seems reasonable to conclude that the lesions 
described in human beings are due to the drugs employed rather than 
to the diseases for which the patients were being treated. 

It is not the intention to overemphasize the dangers of these extremely 
valuable drugs, as Long, Haviland, Edwards and Bliss®® fear. By 
bringing such lesions to general notice it is our purpose to point out the 
anatomic bases for clinically observed toxic reactions and to emphasize 
the physician’s responsibility to exercise due care and caution in admin- 
istering what may be, in certain individuals, a potentially dangerous, 
as well as extremely valuable drug. 

Morris A. Simon, M.D. 


Director of Laboratories, Jewish 
General Hospital, Montreal, Can 
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THE INFECTIOUS PERIOD OF POLIOMYELITIS AND 
VIRUS DETECTION?{ 


Two clinically silent features of disease, the incubation and infectious 
periods, are as useful for epidemiologic purposes as the clinically mani- 
fest signs. Precise information concerning both is necessary for the 
establishment of case-to-case relationships, and may be of prime im- 
portance in laying down appropriate control measures. 

Time and space relationships in the distribution of cases serve, to a 
considerable extent, as a guide in determining mechanisms of dissemina- 
tion. An outbreak following the importation of a single case into an 
isolated and previously uninfected population group, a situation not 
often presented to the epidemiologist, affords an ideal opportunity for 
studying the relation between cases. Russell*’ has called Carter's" 
study of the extrinsic incubation period in yellow fever in such a situa- 
tion, “as good an example of intelligent field epidemiology as can be 
found anywhere.” The existence of an interval of time between primary 
and secondary cases had been noted that was longer than the usual 
incubation period of the disease. The phenomenon, however, had 
never been critically examined, for yellow fever was characteristically 
an urban disease where “the difficulties in tracing individuals and their 
contacts are almost insurmountable.”’ Carter found an opportunity 
to pursue his inquiry “of the space of time which intervenes between 
the development of the first case which infected the environment and 
the development of cases contracted from this environment” in 1898 
in Orwood, Miss.—“ not a town or even a hamlet”’ but an agricultural 
neighborhood with farms seldom closer than a mile apart and having 
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little intercourse with the outside world, and “ practically all non- 
immune to yellow fever.” He added two prerequisites for epidemiol- 
ogy and an epidemiologist — “ people who were at once intelligent enough 
to know and honest enough to tell the truth and to coéperate in good 
faith with the efforts made to trace the infection of each case”’ and 
“Dr. Gant, who made the diagnosis of yellow fever, and under whom 
(directly or indirectly) all sanitary measures were conducted, was much 
beloved in the community, and had their entire confidence.” 

From detailed studies of the time sequence of cases and of exposures 
to infected households Carter found that upon introduction of a primary 
case the environment did not become infective until 2 to 3 weeks had 
elapsed, but was then infective even though the initial case was no 
longer present. Since the intrinsic incubation period was already well 
known to be not over 5 or 6 days, this extra period was called the 
“extrinsic incubation.” 

To Reed, influenced more by Carter’s study than anything else in 
planning the experiment that was to make history, the extrinsic incuba- 
tion period indicated a secondary host which did not travel far from 
the immediate abode of the primary case. For how could the infection 
always lie dormant for 2 weeks in fomites, then in the air as the favorite 
theory and as the basis of all attempts at prevention? From the 
vantage point of present knowledge—simple logic. But remember, 
all this took place only a few years after Theobald Smith had tapped 
the reservoir of insect transmission with ticks and Texas cattle 
fever; and just on the heels of Ronald Ross with .tnopheles and 
malaria. Thus, with Carter’s extrinsic incubation period Reed suc- 
ceeded where, without it, Finley had failed to establish his long-held 
mosquito hypothesis either on epidemiologic grounds, or by experi- 
mental transmission. 

Since the dissemination of the virus of poliomyelitis is accomplished 
for the most part through individuals who present no recognizable 
symptoms; it is usually not possible to determine whether a given case 
represents the introduction of the infectious agent, nor is it easy to 
group cases which are related one to the other in the epidemiologic 
sense. Similarly, it is exceptional when the infectious period can be 
determined from history of exposure to a previous case, or the incuba- 
tion period measured from the interval between exposure and the onset 
of symptoms. Where contact between cases is seen as, for example, 
in multiple cases in families, exposure between the individuals has 
usually been continuous, so that the precise time of infection cannot 
be fixed. In 1929, Aycock and Luther’ collected data in instances of 
the disease following known exposure where some limit could be set on 
the time of exposure and on the interval between exposure and onset 
of the disease. The data comprised milk-borne outbreaks, cases fol- 
lowing tonsillectomy, isolated small groups of cases in the same locality, 
and certain instances of multiple cases in families. Analysis of these 
sets of data, each of which served to set some limit on the time at which 
infection took place or on the interval between infection and onset of 
the disease, when taken together indicated an infective period extend- 
ing from the 5th day preceding the onset of symptoms to the 5th day 
of the disease. From these data, it could likewise be ascertained that 
the incubation period was not necessarily under 6 days nor over 20 days, 
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the average interval between single exposures and onset of the disease 
being 11.8 days. 

Infectious Period. Data concerning 49 cases which followed a lim- 
ited exposure to a previous case are represented in Chart 1, as they 
afford an indication either of the earliest, latest or actual date with 
reference to the onset of the primary case when infection of the secon- 
dary case could have taken place. In 18 of these cases the first exposure 
(but not necessarily the last) fell, in all but 2, between the 4th day 
before and the 5th day after onset of the primary case; in all but 1 of 
the 49 cases the last exposure (not necessarily the first) was not later 
than the 5th day of the disease in the primary; and in 17 of the cases 
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Cuart 1.—Poliomyelitis. Cases following limited exposure to a previous case, 
according to day of disease when exposure took place. 


there had been but a single exposure, in 16 it fell between the 4th day 
preceding and the 5th day following onset of the primary. In 5 of the 
6 pairs of cases in which the last exposure to each other occurred earlier 
than the 5th day before the beginning of symptoms in the first case, 
the onsets in the 2 cases were practically simultaneous and occurred 
in both at an interval following the exposure to each other correspond- 
ing to the incubation period of the disease. These instances suggest 
that, as a group, the cases in which exposure took place upwards of 
2 weeks before the onset of the first case represent, not secondary infec- 
tion one from the other, but rather simultaneous infection: from some 
uncovered common source at the time when the 2 individuals were in 
contact with each other (Table 1), Thus, in these exceptional instances 
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where the time of exposure to a previous case can be determined, an 
infectious period extending from 4 days before to 5 days after onset of 
symptoms is indicated. 


TABLE 1.—-PoOLIOMYELITIS. SIMULTANEOUS ONSETS IN Cases Exposep TO EACH 
OTHER More THan 1 WEEK BEFORE ONSET, SUGGESTING SIMULTANEOUS 
INFECTION FrRoM A COMMON SOURCE 


Days Days, interval 
xposure before onset bet ween cases 
Last 14 1 
15 
Last 13 3 
16 
Only 12 
14 
Last 12 4 
16 
Last 8 9 
17 
Last 6 3 
9 


Incubation Period. The minimal, maximal and actual intervals be- 
tween exposure and onset for the 49 cases are shown in Chart 2. In 
IS of these cases, the maximal interval ranged from 6 to 14 days, and 
in 17 of these was the actual interval (following a single exposure). 
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Cuartr 2.—Poliomyelitis. Intervals between exposure and onset (49 cases). 
Cases following limited exposure to a previous case, showing minimal, maximal and 
actual incubation periods. 


The minimal interval ranged from 1 to 20 days; but in the 14 cases 
showing a minimal interval of under 6 days, the exposure was such 
that the incubation period could have been longer. Thus, the incuba- 
tion period indicated by these intervals would appear to range from 6 
to 14 days; and, exceptionally, to as long as 20 days. 
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Investigating an outbreak of 121 cases in Walker County, Alabama 
in 1941, Casey”: found 36 instances where the initial case in a neigh- 
borhood followed a single short visit (less than 48 hours) to or from a 
prior victim of the disease. In 30, the contact took place before the 
initial patient became ill, and in all but 3 before the 4th day of illness 
in the first case. The incubation period when plotted from the day of 
exposure to the onset of the prodromal period varied from 5 to 35 days, 
average, 12.8 days for 29 paralytic cases, and varied from 5 to 15 days, 
average, 9.5 days for the 8 abortive cases. Both the infectious period 
and the incubation period indicated by Casey’s observations are in 
close agreement with those indicated by the cases presented in Charts | 
and 2. 

From an earlier study of the intervals between multiple cases of 
poliomyelitis in families it was “inferred that the time of greatest 
infectiousness of infantile paralysis is probably at the beginning or 
within the first 3 or 4 days of the acute stage of the disease.’’® In an 
ensuing comparison of multiple cases of measles, scarlet fever and polio- 
myelitis,® it was pointed out, although this was not the main point of 
the study, that the range of time within which secondary cases of 
poliomyelitis occurred was of the same order as that in measles, which 
is clearly determined by its short infective period, but different from 
that of scarlet fever where the interval between cases is frequently 
longer, due, as is well known, to prolonged infectivity of the disease 
with complications. 

Still another indication that sources of infection are of brief duration 
is seen in the succession of cases in small population groups in small 
geographic areas regardless of any traced contact relationship between 
them. While other factors appear to be major determinants in the 
occurrence of the recognizable disease in the few of the many exposed 
to the virus, the time of development of successive cases in a given 
outbreak is of course a reflection of virus dissemination in the popula- 
tion group. The occurrence of poliomyelitis in Vermont has been 
closely observed over a long period. Data are available on cases by 
townships and date of onset. In Chart 3 is shown the intervals in days 
between the onsets of the first and second, second and third, and the 
first and third cases in the same township, during the same year, for 
the period 1912-1926, irrespective of any actual contact relationships. 
The tendency to simultaneous onsets in the first and second and the 
second and third cases is interpreted as an indication that successive 
or adjacent cases tend to receive their infection from common sources 

sometimes a previous recognized case, but more often an unrecog- 
nized source. There is the suggestion, furthermore, that these sources 
of infection tend to be of brief duration. The tendency to a longer 
interval between the first and third cases, an interval suggestive of the 
incubation period as previously shown, rather points to secondary 
infection. Since cases as early as the third in these local groups are 
already beginning to occupy the position of secondary infections (occur- 
ring frequently after an interval corresponding to the incubation period), 
it would appear that the dissemination of virus in a community is 
accomplished by successive virus reservoirs, each of short duration and 
each distributing virus to relatively small numbers of individuals. 
Such distributional features are those which would be expected in a 
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contact infection, propagated by a succession of infected individuals 
each remaining infectious for only a brief period during which trans- 
mission to a relatively small number of individuals occurs; but which 
would not be expected to result from grossly contaminated extra 
human reservoirs or from chronic carriers of virus. 
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Cuart 3.— Poliomyelitis. Intervals between adjacent cases (same township) 
irrespective of history of exposure. 


Virus Detection. In many diseases deductions in regard to such 
features as routes of ingress or egress of the infectious agent, period of 
infectivity or healthy carriage, were made in the first instance from 
distributional features of the disease, and were later verified by virus 
detection. Thus, in typhoid fever it might be said that techniques for 
detection of the organism served more to clearly define epidemiologic 
features of the disease laid down by Budd without the aid of bacteriol- 
ogy, than to actually reveal them. On the other hand, there are 
examples where virus detection has been the point of departure in 
evolving epidemiologic concepts. Both are useful, but must be in 
accord. 

Detection of an infectious agent in a given site does not in itself 
permit epidemiologic generalization. Brumpt!® and showed 
that the ticks Ornithodoros turicata and Ornithodoros parkeri may harbor 
in their tissues for long periods certain infectious agents of which they 
are not known to be spontaneous transmitters. Parker® has used 
ticks of this genus as a means of transporting and storing safely for long 
periods the rickettsie of Tobia petechial fever of Columbia and of 
South African tick-bite fever and the virus of spring-summer encephal- 
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itis of the U.S.S.R. More in point is the detection of hookworm eggs 
in the evacuations of patients which led Hirsch” to state, “.... the 
mature eggs of the worm, on their discharge from the patient’s intes- 
tine, undergo their first development in wet soil, being especially 
favored by high temperature; and thus the parasite comes in its larval 
stage, and doubtless by the medium of drinking water, into the human 
intestine, where it completes its development. We thus explain without 
difficulty how important for the occurrence of cachexie aqueuse are 
certain states of soil, and certain modes of life... .. ” This earlier 
concept is even more plausible when we consider that the larve 
from soil (or water) are experimentally infectious by ingestion and do 
not have to undergo any cycle of development in the circuitous route 
to the intestine starting with ground itch, later brought in by Loos to 
correct the erroneous hypothesis. 

In poliomyelitis, the proficiency of virus detection procedures is, 
because of technical difficulties, not exactly known. Furthermore, 
limited experience with it does not permit conclusions as to the relative 
frequency of the presence of the virus in one site or another. That 
the procedure as usually employed (the inoculation of single animals 
with suspected material) is deficient is indicated by the fact that intra- 
cerebral inoculation of emulsions of spinal cord from human cases 
(regarded as most favorable) frequently fails to produce the experi- 
mental disease. Flexner and Amoss!®*’ pointed out that failure to incite 
infection in a single rhesus monkey does not indicate lack of power to 
infect other individuals of the same species. In our experience, single 
inoculations of this sort are successful in only about 50% of instances, 
but a second inoculation of another or even the same animal with the 
same material frequently is effective. In view of such failures of virus 
containing material to infect, Flexner and Amoss!*?* concluded from 
the frequency with which they detected virus in nasal and pharyngeal 
mucosa of persons suc cumbing during the first week of the disease (and 
their failure to detect it in tissues surgically removed later) that during 
the first week or 10 days of the disease these tissues probably regularly 
contain the virus. Kling, Pettersson and Wernstedt™ had years earlier 
carried out a series of virus detection tests on 9 convalescents over a 
period of 7 months from which they concluded, “that the secretion from 
the mucous membranes of the mouth and intestines of persons who 
have recovered has had the power of infecting monkeys still several 
months .... after the onset of the illness... .’’ Flexner and Amoss 
felt that in interpreting the experiments of Kling, Pettersson and 
Wernstedt (done soon after poliomyelitis was first transmitted to an 
experimental animal when criteria for the experimental disease were 
not yet clearly established), it was necessary to take into account their 
qualify’ ing statement that, “ During the time occupied by the investiga- 
tions, the virus had changed its character, so that it no longer caused 
inflammations with cellular exudations. Instead of this the degenera- 
tion of the nerve cells, the changes of the glia cells and the neuro- 
phagocytosis caused by the enlarged glia cells have been the character- 
istic changes. They have thus been of the same type as those appear- 
ing in the monkeys injected with secretions from abortive cases, and 
virus carriers, changes which. ...we consider ourselves justified in 
assuming to be due to a less virulent virus. The experiment also shows, 
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that the microbe rather quickly—already after 8-14 days—loses its 
power of causing inflammatory exudations in the inoculated animals. 
This fact is of very great importance from a practical point of view 
since it perhaps gives us the right to assume that the virus, possibly 
rather soon after the termination of the acute stage, gets weaker.” 
Using the more rigid criteria of infection in the monkey which had 
come to be accepted, the virus detection experiments of Flexner and 
Amoss indicated brief rather than chronic carriage of the virus in 
the nasopharyngeal mucosa. 

The dominant concept of the epidemiology of poliomyelitis, to the 
effect that the virus is disseminated through direct contact, receiving 
its major contributions from Caverly, Wickman, Flexner and Frost, 
and their coworkers, has been challenged at each step in its advance- 
ment by hypotheses either containing some element of plausibility or 
of hope. The water-borne theory, originating largely in supposed 
associations in time with swimming, or in space with water courses, 
has again been brought to the fore by the unmistakable detection of 
the virus in intestinal discharges. Virus has been detected in the stools 
of cases, contacts of cases and of other individuals as well as in sewage 
coming from hospitals in which there were cases of poliomyelitis and 
even in sewage draining cities in which cases of the disease either were 
numerous or few. Furthermore, it has been shown experimentally, 
that the virus resists chlorination in the doses ordinarily used in the 
treatment of water supplies. Thus, these laboratory findings in them- 
selves lend plausibility to the theory of transmission through water. 
To many (to paraphrase the reaction to a similar situation where a 
laboratory discovery led to the rejection of a large accumulation of 
evidence for the theory which it opposed), “this threw a flood of light 
on the etiology ....and revolutionized our entire conception of its 
epidemiology by displacing the then dominant and paralyzing... 
theory of its origin by the now generally accepted and more hopeful 

dissection”’ of the question has 


.one.”’* Maxey* in a recent 
pointed out that in spite of laboratory data, the pattern of spread does 
not suggest dissemination through water supplies. No epidemics have 
been encountered having the well-known characteristics of water-borne 
disease, and the tendency to radial spread is not influenced by water 
supplies in the areas involved. 

Renewal of studies, under circumstances which have permitted far 
more extensive laboratory investigation than was possible in the period 
of small scale experimentation, when attention was centered on detec- 
tion of virus in nasopharyngeal secretions, have amply confirmed the 
presence of the virus in intestinal discharges. The detection of virus in 
intestinal discharges from cases of the frank disease and suspected 
abortive cases, in the acute stage and in convalescence, in healthy con- 
tacts, as well as in sewage, by Paul and Trask has been confirmed by 
numerous workers in many localities. In the course of virus detection 

* A statement of Rogers and Muir? concerning the discovery of the Hansen 
bacillus in 1873 in leprosy and the theory of heredity which had prevailed since the 
epidemiologic studies of Danielson and Boeck in 1848. Subsequent studies indicate 
that the complete acceptance of the contagionist view does not take into account 
familial aggregation in the occurrence of the disease which has heen interpreted as a 
manifestation of hereditary susceptibility to infection.':?° 
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studies in New York City sewage, Trask and Paul*’ incidentally readily 
demonstrated the presence of tubercle bacilli in sewage. They state, 
“Certain monkeys, inoculated intra-abdominally with the routine dose 
of 20 ce. of etherized unconcentrated sewage, contracted an unusual 
form of peritoneal tuberculosis whereby, 6 to 12 weeks after inocula- 
tion, the omentum and visceral peritoneum were found studded with 
tubercles of fairly uniform size while lungs, pulmonary nodes, liver, 
spleen, and kidney were relatively free .... this form of tuberculosis 
was common. In fact, in monkeys observed for 6 weeks or more, it 
was seen in all of 7 monkeys so inoculated. From 1 of them a strain 
of tubercle bacillus was recovered which was identified as of human type 
by its growth in the presence of glycerol and its pathogenicity for guinea 
pigs and relative lack of pathogenicity for rabbits.”” They also point 
out that their methods were highly selective in that systematic observa- 
tions of their animals were limited to body temperature, to general 
features, to the function of motion, and to the histology of the cord 
and brain stem. “Thus pathogenic bacteria, measles, mumps, etc., 
could have infected our monkeys |from inoculation of sewage} without 
our knowing it.”’ In spite of these observations, no one has felt it 
necessary to recast the epidemiology of tuberculosis. 
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Cuart 4.—Poliomyelitis. Detection of virus in nasopharyngeal tissues and 


secretions, according to day of disease 


Thus, there can no longer be a difference of opinion regarding the 
presence of the virus of poliomyelitis in both nasopharyngeal and intes- 
tinal discharges. But there remains the question of their relative 
importance in the widespread dissemination of the virus. 

Because of the meagerness of data, and the lack of criteria of relia- 
bility of the procedures for virus detection, the relative frequency with 
which virus appears in the nasopharyngeal or intestinal discharges can- 
not be stated. In Charts 4 and 5 are shown the results of a number 
of virus detection tests carried out with nasopharyngeal and intestinal 
secretions from patients with poliomyelitis, according to the day of 
the disease. These have been gathered from the literature available, 
with no attempt at completeness. In a number of papers, information 
was incomplete and negative tests were not included, so that no con- 
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clusion can be drawn as to the actual frequency with which virus was 
detected. But in one respect there is an essential difference. The 
virus has been detected in the nasopharyngeal secretions, in spite of a 
relatively large number of tests late in the disease, only within 7 days 
of the onset, with a single exception (in 1912) the interpretation of 
which is not entirely clear. On the other hand, the data available indi- 
cate that virus detection in intestinal discharges is relatively easy, 
weeks or even months after onset of the disease. Thus, from these 
laboratory observations alone one might be led to postulate 2 mechan- 
isms of spread, the operation of one resulting in outbreaks of the general 
character of those seen in measles for example, and the other producing 
a pattern of distribution like that of typhoid fever. 


@ virus FOUND 


viRUS NOT FOUND 


A ABORTIVE CASE 


TTT 


DAYS BEFORE \ DAYS AFTER 30 
ONSET 


Cuarr 5.— Poliomyelitis. Detection of virus in intestinal discharges, according 
to day of disease. 


The classic example of 2"patterns of the same disease is seen in plague 
where different virus reservoirs set up mechanisms resulting not only 
in 2 different patterns of distribution but in different clinical types of 
the disease. There are numerous examples where different mechanisms 
of dissemination of the same infectious agent result in clearly distinct 
epidemiologic patterns, as in tularemia spread by handling rabbits or 
transmitted by ticks. 

In still other diseases seemingly with potentialities for more than 
one mechanism of dissemination, it may be difficult, on the surface at 
least, to explain why they (as judged by patterns of distribution) 
restrict themselves to one particular means of dissemination. 

Poliomyelitis preponderantly follows a single pattern of distribution, 
us measured by general features of the disease, such as seasonal and 
age distribution, as well as by time and space relationships between 
cases. This pattern, with the evidence that subclinical infection is the 
rule and frank disease the exceptional outcome of exposure to the virus, 
is consistent with the view that the virus spreads directly from person to 
person each in his turn playing the part of a brief carrier. Exceptions 
ure rare. A few outbreaks of different pattern have been encountered 
in which the evidence indicated transmission through milk supplies 
briefly contaminated with the virus.*"7** In 1 of these, where a source 
of infection of a small milk supply could be traced,” the explosive out- 
break occurred at an interval corresponding with the incubation period 


| 
| 
a a 
a 
| | ‘4 
} ? ? 4 21 28 OVER 


HO PROGRESS OF MEDICAL SCIENCI 


of the disease following the consumption of milk drawn by a patient 
in the first 3 days of the disease. The particular point in the present 
connection illustrated by this outbreak is that the source of infection 
Was an acute case and not a chronic carrier. Similar outbreaks, attrib- 
utable to chronic carriers of the virus, which might be expected on the 
basis of virus detection studies alone, have not been observed. Still 
another localization in occurrence is seen in bulbar poliomyelitis follow- 
ing tonsillectomy or adenoidectomy.**'5 Here the nasopharynx (upper 
respiratory or upper gastro-intestinal) and not the lower respiratory 
or lower gastro-intestinal tract is implicated. 

Just a century ago, in this Journal, Colmer" under the title “ Teething 
Paralysis in Children” described a group of cases in the parish of 
West Feliciana, Louisiana, now considered the first reported outbreak 
of poliomyelitis in this country. Little epidemiologic detail was given 
beyond the facts that the 10 or 11 cases all occurred in young children, 
in the summer and fall and within a short space of time and distance. 
Since Colmer’s report many epidemiologic studies have established 
these as cardinal features of the pattern of distribution which is every- 
where characteristic of the disease. In this paper a number of features 
of distribution are reviewed which implicate brief harborage of the virus, 
as has been demonstrated in the nasopharynx, rather than chronic 
harborage as demonstrated in intestinal contents. In exceptional occur- 
rences, with different patterns of distribution, either the nasopharynx 
or a short period of infectivity are likewise indicated. 

As already discussed, no satisfactory deductions can be made from 
reports in the literature concerning the relative frequency with which 
poliomyelitis virus has been detected in the nasopharynx and intestine. 
In the early work, Kling, Pettersson and Wernstedt™ tested both sites. 
Although they reported detection of virus both in nasopharynx and. 
intestine in a high proportion of cases as well as in healthy contacts, it 
is difficult, because of the criteria used for infection in their inoculated 
animals, to form an opinion from reading their published protocols as 
to the actual frequency with which virus was detected in either. In a 
recent survey of healthy harborage of the virus, Kessel and Moore”! 
examined 136 individuals admitted to hospital for tonsillectomy. Stools 
and the excised tonsils were obtained on the same day and made into 
pools (usually of 3 individuals). Of the 49 tonsil pools, 5 contained 
virus and 1 stool pool was positive, being from the same patients 
furnishing one of the positive tonsil pools. It can be stated, therefore, 
that in this survey at least (because of pooling) 5 out of 136 individuals 
harbored poliomyelitis virus in tonsils and at least 1 out of 136 also 
harbored virus in the intestine. The relation of this substantial healthy 
carrier rate to the prevalence of the disease in the locality, will appear 
in the detailed report of these observations. 

W. Lioyp Aycock, M.D. 
JoHN F. Kessex, M.D. 
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Effect of Diet and Food Intake on Response of Mice to Murine 
Poliomyelitis Virus (Lansing Strain). Foster, J. H. Jones, 
WerNER HeNLE and Frrepa DorrMan (Departments of Pediatrics 
and Physiological Chemistry, University of Pennsylvania and Chil- 
dren’s Hospital). Young mice (284) approximately 30 days old were 
divided into three groups of 57, 170 and 57 animals respectively 
Group | received a complete synthetic diet, and Groups II and III 
the same diet, except that it was deficient in vitamin B;. When the 
animals of the last two groups showed definite signs of vitamin B, 
deficiency, the amount of thiamin was increased, and thereafter varied 
in an attempt to maintain the majority of these animals alive and at 
approximately constant weight. Shortly after the first adjustments 
in thiamin were made, all the animals were injected intracerebrally 
with 0.03 ml. of mouse brain suspension in saline. Groups I and II 
received brain infected with the Lansing strain of murine poliomyelitis 
virus and Group III normal brain. At the 12th, 21st and 46th days 
after inoculation the percentage incidence of death and paralysis in 
the various groups was as follows: Group I, deaths—85, 95 and 96; 
paralysis—-72, 80 and 81. Group II, deaths—19, 43 and 69; paralysis 

7, 24 and 41. Group IIT, deaths—10, 14 and 19; paralysis—none 
at any time. 

Another experiment, with 179 mice, was conducted very similarly 
to the above except that Groups II and III were also given the complete 
diet but restricted to 1 gm. of food per day (about 40% of normal 
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intake). The percentage incidence of death and paralysis at the 12th 
and 21st days was as follows: Group I, deaths 100 and 100; paralysis 

86 and 86. Group II, deaths—21 and 68; paralysis—13 and 47. 
Group III, deaths—26 and 44; paralysis—none at any time. The 
amount of virus given in the first experiment was from 10 to 100 and 
in the second, 500 to 1000 50% mortality doses. 

It is clear that a deficiency of either vitamin B, or of total food 
intake definitely delays the action of poliomyelitis virus in mice. 
Experiments also indicated that a simple caloric deficiency produced 
similar results, and the administration of large amounts of thiamin 
when the food intake was reduced did not alter the results. 


Hypertension Following Chronic Lead Poisoning: Experimental 
Study. J. Q. Grirritn, Jr., and M. A. Linpaver (Robinette Founda- 
tion and Medical Clinic, University of Pennsylvania). Fifteen albino 
rats were given 70 mg. of lead as a soluble salt daily for 6 days each 
week. The lead was introduced in 2 ce. of water by stomach tube. 
Blood pressure was measured at varying intervals. A few animals 
developed a vascular hypertension by the 12th day, and all that sur- 
vived the 36th day were hypertensive. Based upon measurement of 
plasma creatinine in 4 animals, it was suggested that there was asso- 
ciated renal damage. 


A Further Study of the Effect of Vagotomy on the Secretory Response 
of the Pancreas to Peptone. J. QO. Criper and J. E. Tuomas (Labora- 
tory of Physiology, Jefferson Medical College of Philadelphia). In a 
previous communication (Proc. Physiol. Soc. of Phila., 17, 6, 1941-1942), 
we reported that cutting or cocainizing both vagus nerves was followed 
by disappearance of the secretory response of the pancreas to intra- 
intestinal administration of peptone. These results were obtained in 
semiacute experiments in which the observations were made within a 
short time after the nerves were blocked or cut. In experiments per- 
formed since then in collaboration with Dr. A. J. Ramsay, it has been 
found that: 1. Administration of peptone into the intestine over a 
period of several hours causes changes in the acinar cells of the pan- 
creas which are indistinguishable from changes that follow prolonged 
stimulation of the vagus nerves. 

2. Twenty-four hours after cutting the vagi, peptone in the intestine 
is without effect on the histologic appearance of the pancreatic cells. 

In experiments continued over a longer period of time following 
vagotomy we have found that the capacity of the pancreas to respond 
to peptone stimulation recovers to some extent. The recovery is 
incomplete in that the volume, specific gravity and total nitrogen of 
the secretion obtained following a standard dose of peptone are less than 
normal and the latent period is prolonged. Although the concentration 
of the secretion as indicated by the total nitrogen in mg. per cc. is 
reduced only slightly, the total amount of nitrogen (N per ec. X vol. 
in each sample collected followng administration of a standard dose of 
peptone after vagotomy is only a little more than one-half the normal 
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amount. The nitrogen content is, however, still several times as great 
as In a corresponding volume of secretion obtained in response to 
secretin or to HCI stimulation. 

These results. require modification of our previous conclusion to the 
effect that the reaction of the pancreas to peptone is a vagal reflex. 
Although the vagi are evidently involved in the response in the normal 
animal an additional mechanism, the nature of which has not been 
determined, must be taken into account. 


Electron Microscope Studies of Bacteriophage. ‘THomas F. ANDER- 
son (The Johnson Foundation for Medical Physics, University of 
Pennsylvania). The bacteriophages are the only class of viruses whose 
mode of action on susceptible cells (bacteria) can so far be studied in 
detail with the electron microscope. Recent work (S. E. Luria and 
T. F. Anderson, Proc. Nat Acad. Sci., 28, 127, 1942; S. E. Luria, M. 
Delbruck and T. F. Anderson, unpublished) has made it possible to 
identify the phage particles as tadpole-shaped bodies with heads rang- 
ing from 50 to SO my in diameter and tails of varying dimensions, and a 
morphology which is characteristic of the strain of phage. They are 
readily adsorbed on susceptible bacteria, and upon lysis of the bac- 
terium appear to be liberated from within the bacterial cell. The débris 
of cells of E. coli lysed by one strain of phage contains no particles which 
could be mistaken for particles of the other phage to which the bac- 
terium is susceptible. 

More recent work indicates that the activity on /. coli of gamma- 
phage is rapidly destroyed by intense sonic vibration of the phage sus- 
pension. At the same time electron microscope studies show that the 
tadpole-shaped particles of gamma-phage are disintegrated by sonic 
vibration to a corresponding degree. This observation can be taken as 
further indication that the lytic activity of phage is connected with 
the tadpole-shaped particles 
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Editorial Note to Medical Authors: We wish to call the special attention of 
author-contributors and readers of this Journal to two of the most frequent errors 
that appear in our manuscripts. 


The first—the misuse of “milligrams per cent’’—is well covered on Page 53 of 
the American Medical Association’s book entitled ‘‘Medical Writing’’: ‘‘ Results 


of chemical determinations are frequently expressed as ‘milligrams per cent’ or 
‘grams per cent.’ This means literally ‘milligrams (or grams) per hundred milli- 
grams (or grams),’ which in most instances is not the information that the author 
wishes to convey. To insure accuracy a writer should specify the unit used, such as 
‘milligrams per hundred cubic centimeters’ or ‘milligrams per 100 gm.’ If a num- 
ber of values are (sic) given close together in a section or in a short paper, it usually 
is sufficient to supply ‘per hundred cubic centimeters’ the first time the phrase 
appears and to use merely ‘milligrams’ (not ‘milligrams per cent’) thereafter."” We 
have become so weary of correcting this fault—and yet probably have overlooked it 
in many cases—that we are taking this means of trying to reduce it for the future. 
We hope that other journals, and especially the Journal of the American Medical 
Association with its large circulation, will also emphasize the point. 

We should like to regard the word ‘‘consider’’ as indicating that the item is still 
under consideration or being meditated upon, i.e., that no conclusion has been reached. 
This is usually the first meaning given by dictionaries for this word. We believe 
that, some dictionaries to the contrary notwithstanding, it is improper to use the 
word where a decision has been reached; in which case some such word as ‘think to 
be,”’ or ‘“‘regard as”’ or ‘‘ believe to be”’ or “ hold as an opinion”’ gives the more exact 
meaning. 
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